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Executive  Summary 

This  report  presents  the  assessment  of  the  environmental  effects  of  radio-frequency  (RF)  chaff  as 
determined  by  a  select  panel  of  university-based  research  scientists,  each  with  published 
expertise  in  a  relevant  field  of  study.  The  analytical  approach  was  to  use  paradigms  from 
environmental  toxicology  and  related  disciplines,  “upper  bounds”  (or  worst-case)  estimates 
based  on  the  amounts  and  areas  of  chaff  use,  analysis  of  known  literature  data  related  to  the 
effects  of  RF  chaff,  and  reasonable,  prudent  extrapolations  and  derivations  from  these  data. 

The  Panel  concludes  that  widespread  environmental,  human,  and  agricultural  impacts  of  RF 
chaff  as  currently  used  in  training  are  negligible,  and  far  less  than  those  from  other  man-made 
emissions,  based  on  available  data,  analyses,  estimations,  and  related  information.  Empirical 
information  is  lacking  concerning  the  extent  to  which  chaff  abrades  and  is  resuspended  to  the 
atmosphere  and  actual  exposure  in  populated  areas  near  release.  However,  upper  limit 
calculations  suggest  that  those  impacts  are  also  negligible. 

Prior  studies  and  the  analysis  provided  here  do  not  warrant  modification  of  current  DOD  RF 
chaff  training  practices  based  on  environmental  concerns.  However,  significant  increases  in  RF 
chaff  use  in  training  beyond  its  use  in  the  recent  past  or  the  use  of  degradable  chaff  as  a 
replacement  would  require  further  consideration  of  environmental  impact. 

Up  to  2.3  million  bundles  of  RF  chaff  are  released  annually  by  the  military  services  worldwide 
for  operational  and  training  purposes.  This  is  about  500  tons  per  year  (tpy),  approximately  the 
same  as  emissions  from  a  single  coal-powered  generating  station.  Of  this  amount  5  tpy  and  0.12 
tpy  were  released  respectively  at  NAS  Fallon  and  Patuxent  River  NAS,  the  two  case-study  sites. 

Virtually  all  RF  chaff  is  10-100  times  larger  than  PMio  and  PM2.5,  the  air  particulates  of  concern 
for  public  health.  If,  however,  all  RF  chaff  were  of  those  sizes,  it  would  only  be  0.006-0.0016% 
of  those  particulates  emitted  annually  in  the  U.S.  Based  on  the  MOA  (military  operating  area) 
for  use  of  RF  chaff,  and  using  accepted  air  transport  models  and  conservative  estimates  for 
settling  and  areal  distribution,  average  rates  of  deposition  were  estimated  to  be  8.7  and  12  g  ha"' 
yr"';  a  direct  weight  estimate  was  2.8  g  ha"'  yr'*.  Therefore,  RF  chaff  (which  is  comprised  of 
40%  aluminum  and  60%  silicon,  the  two  most  common  elements  in  the  Earth’s  crust)  introduces 
only  1/50,000  and  1/5,000  the  amounts  of  silicon  dioxide  and  aluminum  oxide  in  the  top  2  cm  of 
soil  in  the  areas  where  it  is  deposited.  Based  on  available  data  and  analysis,  the  environmental 
fate  of  released  chaff  is  likely  to  be  deposition  of  whole  fibers  directly  on  the  soil  surface.  It  is 
possible  fibers  could  be  broken  or  abraded;  even  so,  most  of  the  fragments  would  be  too  large  to 
be  respired  into  the  lungs. 

Respirable  air  particles  are  those  which  lodge  in  the  lungs  and,  if  toxic  or  hazardous,  cause  lung 
damage.  Ambient  air  concentrations  of  RF  chaff  are  calculated  as  0.036  and  0.0061  p,g  m’^  for 
NAS  Fallon  and  Patuxent  River  NAS,  respectively.  For  example,  if  chaff  were  actually  PMio  or 
PM2.5,  it  would  contribute  0.5%  and  1.2%  of  the  PMio  and  PM2.5  background  concentrations  of  7 
and  3  p-g  m'^  for  Nevada,  respectively.  Epidemiological  studies  of  workers  in  glass  fiber 
production  show  no  evidence  of  glass  fibers  of  the  size  and  type  used  for  RF  chaff  causing  lung 
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damage.  Aluminum  toxicity  is  possible,  but  epidemiological  studies  among  workers  are 
equivocal. 

The  maximum  amount  of  aluminum  ingested  by  cows  from  chaff  would  be  only  1/100,000  of  the 
maximum  tolerable  level  of  soluble  A1  in  the  diet  (based  on  the  areal  depositions  above).  No 
toxic  effects  were  found  in  feeding  massive  doses  of  chaff  to  calves.  Toxic  effects  are  unlikely 
through  the  rumen  due  to  pH  effects.  Negative  pulmonary  effects  are  unlikely  for  the  same 
reasons  as  they  are  unlikely  in  humans. 

Deleterious  effects  on  marine  and  freshwater  organisms  are  unlikely  because  siliceous  spicules 
(similar  to  chaff  particles)  are  already  part  of  marine  and  freshwater  sponges  that  are  natural 
parts  of  those  ecosystems.  Furthermore,  toxicity  tests  using  marine  organisms  show  no 
deleterious  effects  at  appropriate  exposure  levels. 

Of  the  several  open  questions  noted  in  the  1998  GAO  report  on  RF  chaff,  only  the  extent  of 
break-up  and  abrasion  of  chaff,  and  the  resulting  shapes  and  resuspension  chaff  particles,  are 
considered  significant.  It  is  recommended  that  these  studies  be  done.  Because  degradable  chaff 
is  being  developed  for  environmental  and  operation  reasons,  it  is  recommended  that  its 
environmental  effects  be  evaluated  in  a  systematic,  integrated  research  program  conducted 
consistent  with  approaches  in  this  report  and  through  the  leadership  of  a  qualified  scientific 
program  manager. 


Summary  Findings  and  Recommendations 

•  Chaff  particle  concentrations  in  air  of  chaff-affected  areas  are  1/100*  of  allowable  limits  set 
by  EPA  and  less  than  1/10*  of  the  natural  background  concentration  for  suspended  soil 
particles. 

•  Deposition  of  chaff,  even  under  areas  of  intensive  use,  is  hundreds  of  times  less  than  the 
annual  deposition  of  dust  in  the  southwestern  U.S.  The  chemical  composition  of  chaff  is  very 
similar  to  the  chemical  composition  of  desert  dust. 

•  Estimated  U.S.  chaff  emissions  are  several  orders  of  magnitude  less  than  the  U.S.  mass 
emissions  estimated  by  the  U.S.  EPA  for  dust,  vehicle  exhaust,  power  generation  and 
industrial  emitters. 

•  Deposition  of  chaff  does  not  result  in  the  accumulation  of  toxic  or  otherwise  undesirable 
substances  in  soils. 

•  The  risk  of  exposure  for  humans  through  inhalation  or  ingestion  is  considered  negligible 
because  chaff  fibers  are  too  large  pass  through  the  nose  or  mouth  or  do  not  exceed  known 
toxic  thresholds. 
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•  Inhalation  and  ingestion  exposure  to  domestic  livestock  and  non-domestic  grazers  is 
considered  minimal  to  nil.  Nutritional  values  of  chaff  are  low  and  comparable  in  composition 
to  soil. 

•  Marine  and  freshwater  organisms  exposed  to  relevant  levels  of  chaff  are  unlikely  to  exhibit 
effects  in  their  growth  or  development. 

•  Previous  studies  on  the  environmental  effects  of  chaff  failed  to  consider  realistic  chaff 
exposure  levels.  Extremely  high,  non-relevant  exposures  were  used  to  predict  an  effect. 

•  Of  the  open  questions  identified  by  the  GAO,  only  resuspension,  abrasion  and  exposure  of 
chaff  were  identified  as  requiring  additional  research  efforts  by  the  DOD. 

•  The  panel  recommends  that  the  DOD  address  the  following  questions  related  to  the 
resuspension  and  fate  of  chaff: 

1 .  What  fraction  of  emitted  chaff  breaks  up  in  atmospheric  turbulence  into  respirable 
particles? 

2.  How  much  chaff  is  abraded  and  resuspended  after  it  is  deposited  on  a  surface? 

3.  What  are  the  shapes  of  chaff  particles  after  abrasion? 

4.  What  is  the  empirical  terminal  deposition  velocity  of  chaff? 

5.  What  is  the  spatial  distribution  of  chaff  under  different  release  and  meteorological 
conditions? 

6.  How  do  chaff  emissions  and  expected  concentrations  compare  to  emissions  and 
concentrations  from  other  particle  emitters  over  the  time  and  areas  where  chaff  is 
released? 

7.  What  quantities  of  inhalable  chaff  are  found  in  communities  near  training 
facilities  where  chaff  is  released? 

•  Degradable  chaff  is  under  development.  However,  the  environmental  effects  of  this  material 
are  unknown,  and  current  DOD  efforts  fall  short  of  demonstrating  degradability,  ultimate 
fate,  and  environmental  effects. 

•  Further,  the  panel  recommends  an  organized  program  addressing  the  environmental  effects  of 
degradable  chaff 
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Introduction 

In  1998,  the  U.S.  General  Accounting  Office  (GAO),  the  investigative  arm  of  the  U.S.  Congress, 
prepared  a  report  for  the  Honorable  Harry  S.  Reid,  Senator,  Nevada  on  the  environmental  effects 
of  chaff  The  GAO  report  entitled,  “Environmental  Protection:  DOD  Management  Issues  Related 
to  Chaff  (GAO  Report,  GAO/NSAID-98-219,  September  1998)”  is  incorporated  in  full  in  this 
report  (Appendix  B).  In  that  report  the  GAO  concluded,  “[the]  DOD  and  the  services  have 
developed  ongoing  initiatives  to  address  certain  concerns  raised  by  the  military’s  use  of  chaff 
These  initiatives  include  plans  for  increased  liaison  with  agencies  such  as  [Bureau  of  Land 
Management]  BLM,  [Fish  and  Wildlife  Service]  FWS,  and  [National  Weather  Service]  NWS. 
Nevertheless,  the  public,  DOD  studies,  and  other  federal  agencies  continue  to  raise  questions 
about  the  potential  adverse  effects  of  chaff  DOD  has  not  systematically  followed  up  to 
determine  whether  these  questions  merit  further  action.  Further,  the  Navy  has  initiated  a 
degradable  chaff  research  and  development  program  but  has  not  yet  completely  analyzed  the 
operational  and  environmental  benefits  it  expects  to  achieve.” 

Furthermore,  the  GAO  recommended  that  the  Secretary  of  Defense  direct  “the  Secretaries  of  the 
Army,  the  Navy,  and  the  Air  Force  to  determine  the  merits  of  open  questions  made  in  previous 
chaff  reports  and  whether  additional  actions  are  needed  to  address  them. . .” 

The  Assistant  Secretary  of  the  Navy  for  Installations  and  Environment  (ASN  I&E),  in 
consultation  with  his  counterparts  in  the  Air  Force  and  Army,  recommended  that  a  Blue  Ribbon 
Panel  of  non-government  scientists  be  established.  The  Panel  was  asked  to  review  the 
environmental  effects  of  radio  frequency  (RF)  chaff  used  by  the  U.S.  military  in  training 
exercises  in  and  around  the  continental  United  States  (CONUS)  and  to  make  recommendations 
to  decrease  scientific  uncertainty  where  significant  environmental  effects  of  RF  chaff  are 
possible.  And  to  address,  where  appropriate,  open  questions  raised  by  the  GAO  report  as 
follows: 


•  long-term  and  chronic  exposure  to  inhaled  chaff  fibers; 

•  resuspension  rates  of  coated  and  uncoated  chaff  fibers; 

•  weathering  rates  and  chemical  fate  of  metal  coatings  in  soil,  fresh  and  marine 
waters; 

•  review  of  threshold  metal  toxicity  values  in  humans,  animals,  and  fresh  and 
marine  organisms; 

•  evaluation  of  potential  impacts  of  fibers; 

•  respirability  of  fibrous  particles  in  avian  species; 

•  aquatic  and  marine  studies  to  establish  the  impact  of  fibers; 

•  pathology  of  inhaled  fibers; 

•  chaff  accumulation  on  water  bodies  and  its  affect  on  animals; 

•  bioassay  tests  to  assess  toxicity  of  chaff  to  aquatic  organisms,  and; 

•  the  potential  for  impacts  on  highly  sensitive  aquatic  habitats. 
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Panel  Charge.  The  panel  was  charged  with  the  following: 

•  Review  available  reports  on  the  environmental  effects  of  RF 
chaff  released  during  military  training. 

•  Assess  chaff  reports  using  the  following  criteria: 

-  appropriateness  of  the  scientific  questions  being  asked; 

-  soundness  of  methodology  and  approach; 

-  completeness  of  the  study  and; 

-  consistency  of  results  with  comparable  studies. 

•  Identity  information  shortfalls  preventing  adequate  assessment  of 
significant  chaff  impact  in  an  environmental  context. 

•  Prepare  a  report  that  assesses  the  present  scientific  certainty  and 
uncertainty  of  the  environmental  effects  of  RF  chaff  and 
recommend  additional  actions  to  decrease  scientific  uncertainty 
where  significant  environmental  effects  of  RF  chaff  are  possible. 

Specifically,  “determine  the  merits  of  open  questions  made  in 
previous  chaff  reports  and  whether  additional  actions  are  needed 
to  address  them.’” 

Panel  Composition.  The  panel  members  were  selected  fi'om  a  pool  of  candidates  with  expertise 
in  areas  that  could  address  the  open  questions  identified  by  the  GAO  report.  The  panel  was 
composed  of  academicians  with  expertise  in  of  disciplines,  which  include:  environmental 
engineering,  soil  biogeochemistry,  toxicology,  medical  pathology,  agronomy,  public  health,  air 
quality  management  and  marine  biology.  Specifically,  each  panel  member  was  selected  because 
the  research  they  conducted  had  direct  bearing  on  or  applicability  to  the  questions  raised  by  the 
GAO. 

Panel  Review  Process.  The  GAO  report  was  a  primary  reference  document  and  provided  the 
panel  context.  The  panel  also  reviewed  numerous  available  studies  conducted  related  to  the  use 
and  environmental  effects  of  chaff  (see  Appendix  C).  Briefings  on  the  current  research  and 
development  efforts  being  conducted  by  the  DOD  and  private  sector  as  well  as  site  visits 
provided  the  panel  with  additional  information. 

The  panel  used  a  two-phased  approach  to  complete  the  charge.  The  first  phase  was  a  review  of 
the  studies  to  date,  focussing  on  the  soundness  of  the  study,  and  data  gaps.  The  second  phase  of 
the  review  was  to  assess  the  potential  enviromnental  impact  of  RF  chaff  based  on  its  use  in 
training  in  specified  regions  of  the  U.S.,  which  included  a  visit  to  one  of  the  major  training  sites, 
NAS  Fallon,  NV.  Finally,  in  light  of  phase  two  results,  the  panel  assessed  whether  reanalysis  of 
existing  studies  or  additional  studies  should  be  conducted. 


'  Environmental  Protection:  DOD  Management  Issues  Related  to  Chaff,  GAO  Report,  GAO/NSAID-98-219, 
September  1998 
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Analysis 

To  address  the  issues  cited  in  the  GAO  report  and  make  conclusions  regarding  the  potential 
effects  of  RF  chaff  on  plants,  animals  and  humans,  an  understanding  of  the  amount  or  mass  of 
RF  chaff  released,  deposited,  or  remaining  in  the  atmosphere  in  a  given  area  is  required.  These 
quantitative  parameters  cannot  be  precisely  estimated  or  measured.  A  number  of  unknown 
factors  determine  the  deposition  of  chaff  and  its  distribution  in  air  and  on  the  Earth's  surface  (e.g. 
soil,  sediment,  and  water).  These  factors  include,  but  are  not  limited  to:  the  altitude  and  location, 
prevailing  winds,  and  meteorological  conditions  where  chaff  is  released. 

Owing  to  the  inability  to  obtain  detailed  information  on  these  factors,  upper  bounds  are  estimated 
for  the  extent  to  which  released  chaff  might  contribute  to  adverse  air  quality,  dry  land  deposition 
and  aquatic  deposition.  These  estimates  are  made  for  the  entire  U.S.  and  for  two  case  study  areas 
where  chaff  is  released,  the  Naval  Air  Station  (NAS)  Fallon  in  Churchill  County,  Nevada  and  the 
Patuxent  River  NAS  in  St.  Mary’s  County,  Maryland  near  the  Chesapeake  Bay.  These  upper 
limits  are  compared  to  contributions  from  similar  emitters  with  allowable  levels  defined  by 
environmental  standards,  and  with  current  knowledge  of  effects  of  chaff  and  chaff-like  materials 
on  human,  animal  and  aquatic  life. 


Chaff Emissions 

A  typical  bundle  of  training  chaff  contains  ~5  million  fibers,  each  of  1-mil  (25  pm)  diameter  and 
typically  1  to  2  cm  length  and  composed  of  glass  silicate  with  an  aluminum  coating  (trace 
elements  include  B,  Ca,  Mg,  Na,  Ti,  Fe,  and  F).  Each  bundle  contains  ~150  g  of  chaff  and  an 
example  of  typical  RF  chaff  bundles  is  shown  in  Appendix  D.  U.S  GAO  (1998)  estimates  that 
~2.3  million  of  these  bundles  are  released  annually  by  all  services  in  operational  and  training 
settings  worldwide. 

Approximately  30,000  bundles  of  RR-144  (Navy  training  round)  chaff  are  released  per  year  at 
the  NAS  Fallon.  Most  of  the  chaff  is  released  at  15,000  to  20,000  ft.  above  ground  level  (agl) 
over  an  area  of  ~1 0,000  mi^.  Less  than  5  %  is  released  below  5,000  ft  agl,  and  less  than  1%  is 
released  below  1,000  ft  agl  (Goetsch,  1999).  Low-level  tactics  are  no  longer  favored  as  a  rule, 
due  to  increased  threats,  such  as  shoulder-launched  missiles  at  low  altitudes.  Actual  usage  was 
38,000  bundles  in  FY  1997^  and  21,000  bundles  in  FY  1998  (Goetsch,  1999).  At  the  Patuxent 
River  NAS,  683  bundles  were  released  during  1998  over  an  area  of  2400  mi^  (Rock,  1999). 

The  amount  of  chaff  released  worldwide  by  all  services  is  approximately  500  tons  per  year  (tpy); 
the  amount  released  at  NAS  Fallon  is  equivalent  to  ~5  tpy,  and  the  amount  released  at  Patuxent 
River  NAS  is  ~0.12  tpy.  The  500  tpy  release  is  comparable  to  primary  particle  emissions  from 
some  individual  U.S.  point  sources,  such  as  a  coal-fired  power  station. 

On  a  national  basis,  the  total  chaff  emissions  constitute  an  extremely  small  fraction  of  directly- 
emitted  particle  emission.  The  significance  of  chaff  release  in  the  atmosphere  over  the  U.S.  is 
provided  by  comparison  to  total  particle  emissions  of  PMio  and  PM2.5,  which  are  estimated  by 
the  U.S.  EPA.  PMio  and  PM2,5  emissions  are  estimated  and  their  concentrations  are  monitored 


^  The  GAO  report  (p24)  states  13,212  bundles  used  at  NAS  Fallon  in  1997. 
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because  they  are  inhalable^  and  thus  have  a  potential  negative  human  health  effect.  Particles  in 
the  PMio  and  PM2.5  ranges  are  10  to  100  times  smaller  than  chaff.  Going  further,  if  all  chaff 
released  nationwide  were  PMio  it  would  constitute  0.0016%  of  the  national  releases.  If  it  were 
all  inPM2.5  this  fraction  would  rise  to  0.006%.  These  levels  are  much  lower  than  releases  from 
any  other  category. 

To  provide  a  perspective  on  the  amount  of  chaff  released  into  the  atmosphere  over  the  U.S., 
Figures  1  and  2  summarize  U.S.  particle  emissions  from  different  source  categories  estimated  by 
the  U.S.  Environmental  Protection  Agency  (U.S.  EPA,  1998)  for  1997.  Particle  emissions  are 
estimated  for  PMio  and  PM2.5  (particles  with  aerodynamic  diameters  less  than  10  pm  and  2.5 
pm,  respectively)  because  these  are  regulated  by  National  Ambient  Air  Quality  Standards 
(NAAQS;  U.S.  EPA,  1997)  to  protect  public  health.  Of  these  particle  emissions,  fugitive  dust 
from  paved  and  unpaved  roads,  construction,  agriculture,  and  wind  erosion  make  up  the  majority 
of  the  inventory  and  have  compositions  most  similar  to  chaff. 


Source  Category 


Figure  1.  U.S.  National  Emission  in  1997  for  PMio.  Source:  U.S.  EPA,  1998. 
The  chaff  category  is  included  as  an  upper  limit  assuming  all  chaff  abrades  to  the 
PMio  size  fraction. 


^  In  this  context  an  inhalable  particle  is  of  dimensions  capable  of  being  transported  through  the  upper  respiratory 
tract  into  the  alveolar  tissues  of  the  lung.  In  this  document  the  terms  respirable  and  inhalable  have  similar  meanings, 
excepted  where  noted. 


8 


Environmental  Effects  of  RF  Chaff 


Source  Category 


Figure  2.  U.S.  National  Emission  in  1997  for  PM2.5.  Source:  U.S.  EPA,  1998. 

The  chaff  category  is  included  as  an  upper  limit  assuming  all  chaff  abrades  to  the 
PM2,5  size  fraction. 

The  values  reflected  in  Figures  1  and  2  are  upper  limits  for  chaff  emission  calculated  as  PMio 
and  PM2.5.  A  U.S.  Air  Force  study"^  found  that  chaff  particles  entering  a  PMio  sampler  retained 
their  original  dimensions.  Their  analysis  of  soil  samples  in  chaff  release  areas  also  found  that 
most  dipoles  detected  in  soil  retained  their  original  dimensions  (no  quantitative  data  available). 
Actual  equivalent  emissions  in  the  PMio  or  PM2.5  size  ranges  would  be  much  smaller  than  these 
estimates  because  it  appears  that  only  a  small  fraction  of  dipoles  will  degrade  into  particles  sizes 
less  than  2.5  or  10  pm. 

Further  reduction  in  particle  size  may  occur  after  deposition,  however,  when  deposited  dipoles 
are  abraded  by  soils  and  possibly  resuspended.  There  is  insufficient  information  about  the  extent 
to  which  chaff  particles  are  broken  up  by  abrasion.  The  amounts  and  times  of  resuspension  from 
surfaces  depends  on  wind  speeds  over  the  surfaces  of  test  ranges,  but  the  total  amount  cannot 
exceed  the  500  tpy  total  if  all  deposited  chaff  were  reduced  to  smaller  particles. 

For  Fallon  and  Patuxent  River  Naval  Air  Stations,  comparable  PMio  and  PM2.5  emissions  for 
Churchill  County,  NV  and  St.  Mary’s  County,  MD,  where  these  stations  are  located  are  given  in 
Figures  3  through  6. 


'*  Environmental  Effects  of  Self-Protection  Chaff  and  Flares,  August  1997,  USAF,  Air  Combat  Command 
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Source  Category 


Figure  3.  Churchill  County,  NV,  PMio  Emissions  estimates  for  1997.  Source' 
U.S.  EPA,  1998. 


Figure  4.  Churchill  County,  NV,  PMj.s  Emissions  estimates  for  1997.  Source- 
U.S.  EPA,  1998. 
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Source  Category 


Figure  5.  St.  Mary’s  County,  MD,  PMio  Emissions  estimates  for  1997.  Source: 
U.S.  EPA,  1998. 


Source  Category 


Figure  6.  St.  Mary’s  County,  MD,  PM2.5  Emissions  estimates  for  1997.  Source: 
U.S.  EPA,  1998. 
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These  figures  show  that  if  chaff  released  in  these  counties  was  completely  abraded  to  the  PMio  or 
PM2.5  size  fraction,  its  emissions  would  still  be  very  small  compared  to  other  emissions  within 
the  county.  At  most,  chaff  would  constitute  0.05%  of  PMio  and  0.25%  of  PM2.5  emissions  in 
Churchill  County  and  0.003%  of  PMio  and  0.009%  of  PM2,5  emissions  in  St.  Mary’s  County. 


Chaff  Deposition  and  Environmental  Fate 

Figure  7  shows  the  extent  to  which  chaff  is  removed  from  the  atmosphere  assuming  gravitational 
settling  velocities^  of  30  cm  s  ‘,  a  lower  estimate  for  chaff  deposition  rates  (Cataido  et  al.,  1992). 
Estimates  are  made  for  release  heights  of  100  m,  500  m,  1000  m,  5000  m  and  10,000  m  agl. 

Two  models  are  used  to  estimate  residence  time  (Hinds,  1982):  1)  a  “stilled  chamber”  model,  in 
which  particles  fall  in  the  absence  of  atmospheric  mixing;  and  2)  a  “stirred  chamber”  model  in 
which  particles  are  instantaneously  mixed  uniformly  throughout  the  depth  between  release  height 
and  ground  level.  These  extreme  models  bound  the  actual  atmospheric  situation  in  which  a 
fraction  of  particles  falls  directly  to  the  surface  and  another  fraction  is  mixed  aloft  by 
atmospheric  turbulence.  These  extreme  estimates  show  atmospheric  residence  times  ranging 
from  ~10  min  for  the  majority  of  chaff  dipoles  released  at  100  m  to  ~10  hr  for  most  of  the 
dipoles  released  at  10,000  m.  Observations  indicate  that  chaff  dipoles  that  retain  their  original 
sizes  do  not  stay  suspended  for  long  periods.  These  calculated  residence  times  are  longer  than 
those  observed  on  radar  traces  of  chaff  releases. 

Deposition  in  desert  ecosystems  of  the  southwestern  U.S.  The  panel  was  provided  with 
estimates  of  chaff  deposition  in  the  vicinity  of  NAS  Fallon — for  instance,  an  estimate  of  0.04 
ounces  per  acre  per  year,  equivalent  to  2.8  g  ha  '  yr"',  was  cited  (Goetsch,  1999). 

For  comparison,  the  panel  made  two  additional,  independent  estimates,  each  using  a  different 
approach.  Approach  1 :  It  was  assumed  that  30,000  bundles  yr'',  each  with  a  mass  of  150  g,  are 
dispersed  over  the  area  of  operations  (MOA),  which  comprises  6.4  million  acres  at  NAS  Fallon. 
NAS  Fallon  personnel  indicated  that  the  chaff  is  released  over  approximately  20%  of  the  MOA, 
so  it  is  assumed  in  this  approach  that  the  chaff  falls  only  on  this  area  of  intensive  use — 518,000 
ha.  The  average  rate  of  deposition  would  then  be  8.7  g  ha"'  yr’*,  or  (0.00087  g  m’^yr’').  Note  that 
this  calculation  provides  an  upper-bound  on  the  rate  of  chaff  deposition  at  NAS  Fallon;  the 
actual  deposition  rate  will  probably  be  much  less  because  chaff  is  likely  to  be  dispersed  over  a 
much  larger  area  as  a  result  of  prevailing  winds  and  atmospheric  turbulence.  Similar 
calculations  for  Nellis  AFB  indicate  deposition  ranging  from  9  to  30  g  ha’*  yr’'. 

Approach  2:  This  approach  was  based  on  estimated  atmospheric  dispersion  rates  and  chaff 
settling  rates  to  calculate  an  order-of-magnitude  rate  of  chaff  deposition  on  the  ground.  It  was 
assumed  that  1-mil  glass  fiber  chaff  is  employed,  with  a  settling  velocity®  of  30  cm  s’*.  A  typical 


^  Jiusto,  JE  and  WJ  Eadie.  1963  Terminal  fall  velocity  of  radar  chaff  Journal  of  Geophysical  Research  68:2858- 
286 1 .  Provides  theoretical  estimates  and  empirical  measurements  of  the  fall  velocity  at  altitudes  ranging  from  0  to 
20  km.  Values  range  from  62  cm  s‘‘  to  139  cm  s  '.  Faster  velocities  at  higher  altitudes  is  associated  with  lower  air 
viscosity. 

^  Environmental  Effects  of  Self-Protection  Chaff  and  Flares,  August  1997,  USAF,  Air  Combat  Command 
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scenario  is  based  on  wind  speeds’  of  30  ft  s"'  at  10,000  ft  agl,  15  ft  s'*  at  5000  ft  agl,  so  the  mean 
horizontal  travel  is  250,000  ft  for  chaff  released  at  10,000  ft  agl.  The  reasonableness  of  this 
number  can  be  confirmed  by  multiplying  an  average  wind  speed  of  15  ft  s'’  (neglecting  the  shape 
of  the  wind  velocity  profile)  by  calculated  chaff  fall  time. 


Residence  Time  after  Release  (Hours) 


Figure  7.  Fractions  of  chaff  particles  deposited  after  different  release  times  and 
elevations  above  ground  level.  Mixed  and  stirred  chamber  models  (Hinds,  1982) 
are  used  to  bound  atmospheric  mixing  conditions  assuming  a  deposition  velocity 
of  30  cm  s’’. 


Dispersion  of  chaff  was  estimated  using  the  Pasquill-Gifford  model  (e.g.,  Seinfeld,  1986)  with  a 
neutral  stability  category  (a  conservative  approach,  because  most  chaff  is  released  during  the 
day).  The  expected  patch  of  chaff  on  the  ground  resulting  from  the  release  of  one  round  is  an 
area  8,000  m  wide  by  12,000  m  long  (1  std  dev.).  Release  of  30,000  bundles  of  chaff  per  year  in 
a  pattern  that  would  distribute  such  chaff  patches  along  two  sides  of  the  roughly  square  MOA 
would  result  in  deposition  of  ca.  40  fibers  m'’  yr'  on  the  ground.  In  actuality,  the  variability  in 
release  point  and  atmospheric  transport  are  likely  to  result  in  more  dispersion.  Under  certain 
meteorological  conditions,  large  fibers  or  particles  can  be  transported  over  surprisingly  long 
(hundreds  of  miles)  distances.  For  example,  particles  from  the  Sahara  desert  can  be  transported 
across  the  Atlantic  Ocean  and  deposited  in  the  southeastern  region  of  the  U.S.  (Prospero,  1999). 
Similarly,  media  reports  indicate  that  chaff  released  during  the  Kosovo  air  campaigns  has  been 
transported  over  several  hundred  miles  to  areas  in  the  Southeastern  Balkans. 


’  ibid. 
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The  estimate  resulting  from  Approach  2  corresponds  to  a  positively  biased  chaff  deposition  of 
approximately  12  g  ha’’  yr  ',  within  range  of  the  value  estimated  in  Approach  1.  Both  estimates 
are  close  to  the  value  of  0.04  oz  acre'*  yr’  (=  2.8  g  ha'*  yr"’)  cited  for  NAS  Fallon  (Goetsch, 
1999).  The  similarity  of  the  three  estimates  is  probably  coincidental,  given  the  many 
approximations  and  assumptions  that  were  necessary;  however,  it  builds  confidence  that  the 
correct  general  magnitudes  are  known. 

These  estimates  of  chaff  deposition  are  consistent  with  reports  of  the  identification  of  chaff  in 
soil  samples  gathered  at  Nellis  AFB*.  Soil  samples  were  10  x  10  cm  in  area  and  2  cm  in  depth. 
Concentrations  of  chaff  ranged  between  0.02  and  251  mg  kg'^  of  soil,  with  most  samples  having 
<  0.5  mg  kg''.  Assuming  1.4  g  cm'^  soil  density,  the  maximum  amount  of  chaff  that  was 
observed  in  any  soil  was  about  7  g  m'^,  with  most  samples  having  <  0.014  g  m'^.  It  would  take 
about  9.3  yr  to  accumulate  >  0.014  g  m'^,  if  chaff  is  deposited  at  the  rate  of  15  g  ha'*  yr'',  a 
middle  value  among  the  rates  calculated  for  Nellis  AFB.  Assuming  little  fiber  degradation  in 
soils,  this  calculation  suggests  that  the  amount  of  chaff  that  has  accumulated  on  the  ground  is 
consistent  with  deposition  rates  that  are  less  than  15  g  ha'*  yr'*,  during  the  past  50  years  of  chaff 
usage  at  Nellis  AFB. 

The  calculation  of  Approach  2  implies  an  atmospheric  concentration  of  one  fiber  per  10,000  m^ 
of  air  for  release  of  one  bundle  of  chaff  at  10,000  ft  agl.  This  is  equivalent  to  an  airborne 
concentration  of  0.003  pg  m'^. 

Deposition  of  chaff  at  Patuxent  River  NAS.  Using  Approach  1,  the  maximum  rate  of 
deposition  of  chaff  at  Patuxent  River  NAS  was  0. 1 6  g  ha'*  yr'* .  As  of  the  writing  of  this  report, 
chaff  usage  over  Patuxent  River  NAS  was  919  bundles  in  1999,  resulting  in  the  deposition  of 
0.20  g  ha'*  yr'*.  These  estimates  are  more  than  10  times  lower  than  the  deposition  calculated  at 
NAS  Fallon. 

For  chaff  dispersed  by  mortar  rounds  from  naval  vessels^,  the  estimated  deposition  is  53  dipoles 
ff^  for  the  area  of  deposition  under  a  single  round  that  disperses  chaff  at  a  height  of  300  ft.  This 
deposition  corresponds  to  170  g  chaff  ha''.  This  estimate  is  much  higher  than  deposition 
calculated  for  the  southwestern  U.S.,  where  the  altitude  of  chaff  release  is  much  higher  and  the 
calculations  are  long-term  averages  for  the  entire  MOA,  rather  than  for  the  area  directly  beneath 
a  single  release.  The  estimate  of  170  g  ha'*  yr'*  represents  an  upper-limit  of  chaff  deposition  to 
be  expected  from  normal  operations  over  land  and  at  sea  and  is  a  rare  event. 

Environmental  fate  of  chaff  in  air,  soils,  and  aquatic  systems.  The  environmental  fate  of 
chaff  includes  alterations  that  may  occur  between  its  release  and  its  deposition  on  the  ground, 
and  the  long-term  degradation  and  burial  processes  that  it  experiences  after  hitting  the  ground. 

Chaff  fibers  experience  little  breakup  before  reaching  the  ground  based  on  the  fact  that  breakup 
of  fibers  would  degrade  the  effectiveness  of  chaff  Chaff  ejection  systems  subject  chaff  to 
minimal  breakup.  Because  ejection  of  chaff  appears  to  subject  the  fibers  to  much  larger  forces 


*  ibid.,  p.3-39 

’  Rapid  Bloom  Offboard  Chaff  System  Evaluation  and  Naval  Air  Systems  Command  Multi-Frequency  Chaff 
Evaluation. 


14 


Environmental  Effects  of  RF  Chaff 


than  would  atmospheric  turbulence,  it  is  unlikely  that  fibers  that  survive  ejection  intact 
subsequently  break  up  during  their  fall  to  earth. 

Although  breakup  of  fibers  during  ejection  is  probably  not  a  significant  process,  this  can  be 
confirmed  from  radar  cross-section  data.  Because  breakup  of  fibers  will  significantly  affect  the 
radar  cross  section  of  the  chaff  cloud,  radar  echoes  should  be  examined  for  both  loss  of 
reflectivity  (relative  to  modeled  data  or  control  studies)  at  the  frequencies  for  which  the  chaff  is 
designed  and  for  appearance  of  larger-than-predicted  reflectance  at  higher  frequencies,  due  to  the 
presence  of  short  fragments.  It  is  possible  that  such  a  study  could  be  conducted  at  minimal  cost 
using  existing  data.  The  panel  recommends  that  this  be  considered  by  those  having  the 
appropriate  radar  expertise  as  well  as  access  to  classified  radar  cross  section  data,  as  a  part  of  the 
additional  studies  recommended. 

Geochemical  significance  of  chaff  deposition.  Chaff  is  approximately  60%  glass  fibers  and 
40%  aluminum  by  weight  (Rock,  1999).  To  put  this  in  a  geochemical  perspective,  the 
deposition  of  chaff  can  be  compared  with  airborne  dusts  found  in  the  high  desert  environment. 
The  comparison  to  desert  dust  is  relevant  because  the  composition  of  dust  is  dominated  by 
silicon  dioxide  (SiOa)  and  aluminum  oxide  (AI2O3),  which  are  the  most  common  minerals  in  the 
Earth’s  crust  (Pye,  1987). 

Reheis  and  Kihl  (1995)  measured  the  mean  total  deposition  of  silt  and  clay  ranges  from  4.3  to 
15.7  g  m'^  yr’  in  the  Mojave  Desert  of  California  and  southern  Nevada.  From  1984-1989  these 
values  are  10,000  times  higher  than  the  rate  of  chaff  deposition  in  this  region.  However,  much 
of  the  dust  that  is  deposited  in  arid  lands  may  be  derived  from  local  sources.  Chadwick  et  al. 
(1995)  estimate  that  the  net  input  of  silt  +  clay  to  soils  in  northern  Nevada  ranges  from  0.2  to  0.4 
g  m'^  yr’’,  which  is  375X  higher  than  the  aimual  deposition  of  chaff  that  was  calculated  for  NAS 
Fallon. 

Windblown  dusts  typically  contain  between  50  and  60%  Si02  (Pye,  1987),  which  is  similar  to 
the  content  of  Si  in  the  glass  fibers  of  chaff  Using  the  reported  chemical  composition  of  each 
fraction*®,  then  each  gram  of  chaff  deposited  at  NAS  Fallon  carries  0.32  g  of  Si02  (or  0.15  g  of 
elemental  Si)  to  the  soil  surface.  The  glass  fibers  in  chaff  contain  a  small  amount  of  Al,  but  the 
coating  on  chaff  is  nearly  pure  aluminum.  Each  gram  of  chaff  deposited  adds  about  0.44  g  of  Al 
to  the  soil  surface.  Compared  to  these  inputs,  the  average  soil  contains  approximately  50  million 
times  more  Si  and  5  million  times  more  Al  in  the  upper  2  cm.  The  remaining  constituents  in 
chaff,  dominated  by  Ca,  Mg,  and  B,  are  also  common  in  airborne  dusts.  The  deposition  of  Ca  in 
chaff  is  about  5600  times  lower  than  the  background  rate  Ca  deposition  from  the  atmosphere  in 
the  southwestern  U.S.,  where  the  atmospheric  deposition  of  Ca  leads  to  the  formation  massive 
deposits  of  caliche  in  desert  soils  (Schlesinger,  1985). 

Ambient  Concentrations 

Particle  size  and  mass  concentration  have  both  been  determined  to  affect  the  public  health 
significance  of  airborne  particles  (U.S.  EPA,  1996,  Vedal,  1997).  Small  particles  also  have 
lower  deposition  velocities  and  can  remain  suspended  for  much  longer  time  periods  than  those 


Environmental  Effects  of  Self-protection  Chaff  and  Flares,  August  1997,  USAF,  Air  Combat  Command ,  Table 
3.2-1,  see  Appendix  C 
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indicated  by  Figure  7.  National  Ambient  Air  Quality  Standards  (NAAQS)  for  particulate  matter 
(PM;  U.S.  Environmental  Protection  Agency,  1997)  specify: 


1 .  Twenty- four  hour  average  PM2.5  not  to  exceed  65  |Lig  m"^  for  a  three-year  average  of  annual 
98‘’’  percentile  at  any  population-oriented  monitoring  site  in  a  Metropolitan  Planning  Area 
(MPA). 

2.  Three-year  annual  average  PM2,5  not  to  exceed  15  )Xg  m"^  concentrations  from  a  single 
community-oriented  monitoring  site  or  the  spatial  average  of  eligible  community  exposure 
sites  in  a  MPA. 

3.  Twenty-four  hour  average  PMio  not  to  exceed  150  |t.g  m'^  for  a  three-year  average  of  annual 
99"’  percentiles  at  any  monitoring  site  in  a  monitoring  area. 

4.  Three-year  average  PMio  not  to  exceed  50  |ig  m'^  for  three  annual  average  concentrations  at 
any  monitoring  site  in  a  monitoring  area. 
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Figure  8.  Typical  distribution  of  particle  sizes  in  the  atmosphere.  Concentrations 
at  larger  particle  sizes  are  limited  by  gravitational  settling. 


How  particles  of  different  sizes  are  typically  distributed  in  the  atmosphere,  the  size  fractions 
occupied  by  PM2.5,  PMio,  and  a  prior  NAAQS  for  Total  Suspended  Particulate  (TSP)  is  shown  in 
Figure  8. 

Particles  larger  than  30  pm  deposit  to  the  surface  within  less  than  an  hour  after  suspension  unless 
they  are  injected  to  or  released  from  high  altitudes.  This  deposition  effectively  limits 
atmospheric  concentrations  for  very  large  particles.  Without  substantial  decomposition,  chaff 
particles  deposit  rapidly  to  surfaces,  as  shown  in  Figure  7. 
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The  “ultrafine  particles”  (Oberdorster  et  al.,  1995;  Fitzgerald  et  al.,  1997;  Kotzick  et  al.,  1997)  in 
Figure  8  have  diameters  less  than  ~0.08  pm  that  are  emitted  directly  from  combustion  sources  or 
that  condense  from  cooled  gases  soon  after  emission.  Ultrafine  particle  lifetimes  are  usually  less 
than  one  hour  because  they  rapidly  coagulate  with  larger  particles  or  serve  as  nuclei  for  cloud  or 
fog  droplets.  The  nucleation  range  is  detected  only  when  fresh  emissions  are  close  to  a 
measurement  site  or  when  new  particles  have  been  recently  formed  in  the  atmosphere  (Lundgren 
and  Burton,  1995). 

The  “accumulation”  range  consists  of  particles  with  diameters  between  0.08  and  ~2  pm.  These 
particles  result  from  the  coagulation  of  smaller  particles  emitted  from  combustion  sources,  from 
gas-to-particle  conversion,  from  condensation  of  volatile  species,  and  from  finely  ground  dust 
particles.  Chemical-specific  size  distributions  show  that  these  sub-modes  exist  in  several 
different  environments  (Bering  and  Friedlander,  1982;  Hoppel  et  al.,  1990;  Sloane  et  al.,  1991). 
John  et  al.  (1990)  interpreted  the  peak  centered  at  ~0.2  pm  as  a  “condensation”  mode  containing 
gas-phase  reaction  products,  and  the  ~0.7  pm  peak  as  a  “droplet”  mode  resulting  from  growth  by 
nucleation  of  particles  in  the  smaller  size  ranges  and  by  reactions  that  take  place  in  water 
droplets.  The  liquid  water  content  of  ammonium  nitrate,  ammonium  sulfate,  sodium  chloride, 
and  other  soluble  species  increases  with  relative  humidity,  and  this  is  especially  important  when 
relative  humidity  exceeds  70%  (Tang,  1976).  When  these  modes  contain  soluble  particles,  their 
peaks  shift  toward  larger  diameters  as  humidity  increases  (Tang,  1976,  1980,  1993;  Tang  et  al., 
1977;  McMurry  et  al.,  1987;  Zhang,  1989).  The  ultrafine  and  accumulation  ranges  constitute  the 
“fine”  particle  size  fraction,  and  the  majority  of  sulfuric  acid,  ammonium  bisulfate,  ammonium 
sulfate,  ammonium  nitrate,  organic  carbon,  and  elemental  carbon  is  found  in  this  size  range. 

The  PM2.5,  PMio,  and  TSP  size  fractions  commonly  measured  by  air  quality  monitors  are 
identified  in  Figure  8  by  the  portion  of  the  size  spectrum  that  they  occupy.  The  mass  collected  is 
proportional  to  the  area  under  the  distribution  within  each  size  range.  The  TSP  size  fraction 
ranges  from  0  to  ~30  pm,  the  PMio  fraction  ranges  from  0  to  10  pm,  and  the  PM2.5  size  fraction 
ranges  from  0  to  2.5  pm  in  aerodynamic  diameter.  No  sampling  device  operates  as  a  step 
function,  passing  1 00%  of  all  particles  below  a  certain  size  and  excluding  1 00%  of  the  particles 
larger  than  that  size.  When  sampled,  each  of  these  size  ranges  contains  a  certain  abundance  of 
particles  above  the  upper  size  designation  of  each  range  (Watson  et  al.,  1983;  Wedding  and 
Carney,  1983).  As  a  result,  it  is  possible  for  a  small  fraction  of  chaff  particles  to  pass  through  the 
size-selective  inlets  that  are  used  to  separate  PMio  from  other  particle  sizes. 

The  following  are  reasonable  to  worst  case  assumptions  to  estimate  the  largest  increments  in 
ambient  PMio  and  PM2.5  concentrations  that  might  be  contributed  by  chaff  emissions: 

1.  All  released  chaff  abrades  to  sizes  less  than  2.5  or  10  pm.  As  noted  above,  it  is  probable  that 
only  a  small  fraction  of  released  chaff  achieves  sizes  <10  pm  and  that  an  even  smaller 
fraction  («1%)  achieves  sizes  <2.5  pm. 

2.  All  chaff  released  during  a  year  remains  suspended  within  the  borders  of  the  continental 
United  States  or  of  a  specific  air  station  practice  range.  As  shown  in  Figure  7,  it  is  probable 
that  most  of  the  dipoles  settle  to  the  surface  within  less  than  a  day  after  release;  remaining 
chaff  would  be  transported  beyond  U.S.  borders  within  a  few  weeks. 
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3.  Chaff  is  released  at  5,000  m  above  ground  level  and  mixes  evenly  throughout  that  altitude. 
Higher  concentrations  at  lower  altitudes  imply  deposition  to  the  surface  that  would  quickly 
reduce  ambient  concentrations.  This  is  within  the  range  of  altitudes  estimated  for  most  naval 
chaff  releases  and  an  elevation  at  which  particles  can  remain  aloft  long  enough  to  be 
transported  long  distances  from  the  release  point.  Non-depositing  chaff  particles  released  at 
lower  altitudes  would  eventually  be  mixed  within  the  troposphere  over  a  yearlong  period,  as 
evidenced  by  the  penetration  of  long-lived  halocarbons  to  the  stratosphere. 

With  these  assumptions,  a  500  tpy  chaff  release  would  result  in  an  annual  average  concentration 
of  PMio  or  PM2.5  over  the  continental  United  States  (area  3,539,341  mi^)  of  .01  pg  m’^.  If  one- 
tenth  of  these  emissions  were  dispersed  over  the  state  of  Nevada  (area  109,895  mi^),  the  annual 
average  concentration  would  be  0.032  pg  m‘^.  For  NAS  Fallon,  a  5  tpy  release  over  10,000  mi^ 
would  result  in  an  annual  average  concentration  of  0.036  pg  m'^.  For  Patuxent  River  NAS,  a 
0.12  tpy  release  over  2400  mi^  would  yield  an  annual  average  concentration  of  0.0061  pg  m'^. 

The  same  upper  limit  concentration  estimates  would  apply  if  all  chaff  were  released  and  mixed 
through  the  specified  volume  in  a  day  or  even  within  an  hour,  since  no  deposition  losses  are 
assumed.  In  reality  there  are  higher  concentrations  just  after  release  before  the  chaff  plume 
disperses  in  the  atmosphere.  If  operations  are  confined  to  the  designated  test  areas,  however,  off¬ 
site  concentrations  should  not  exceed  these  upper  limits.  These  are  far  below  the  aimual  average 
NAAQS  of  50  pg  m‘^  for  PMio  and  15  pg  m'^  for  PM2,5  that  have  been  set  to  protect  public 
health. 

These  levels  are  compared  with  spatial  distributions  of  background  PMio  and  PM2.5 
concentrations  in  Figures  9  and  10  (courtesy  J.  Sisler,  National  Parks  Service,  Ft.  Collins,  CO). 
These  isopleths  include  data  from  monitors  in  populated  areas  at  Lake  Tahoe,  CA  and 
Washington,  D.C.  that  do  not  represent  background  levels,  but  most  of  the  monitors  are  distant 
from  nearby  emitters. 

Within  the  continental  United  States,  annual  average  backgroimd  PMio  concentrations  range 
from  a  minimum  of  6.4  pg  m'^  in  northern  California  and  western  Nevada  to  20  pg  m'^  along  the 
eastern  seaboard.  For  PM2,5,  concentrations  are  lowest  at  2.9  to  3.3  pg  m‘^,  in  the  inland  west, 
including  Nevada,  Utah,  Wyoming,  northern  Arizona,  and  western  Colorado. 
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Figure  9.  Annual  average  PMio  concentrations  (jig  m'^)  from  1988-95  at 
IMPROVE  regional  background  sites  in  the  continental  United  States  (James 
Sisler,  National  Parks  Service). 


The  PM2.5  fraction  is  chemically  characterized  in  the  IMPROVE  network  and  soil-related 
elements  are  used  to  estimate  the  geological  contribution  to  PM2.5.  Chaff  would  be  perceived  by 
this  network  as  part  of  this  fraction.  Figure  1 1  shows  that  these  soil  levels  range  from  0.2  pg  m'^ 
near  the  west  coast  to  1 .0  pg  m’^  near  the  east  coast.  Soil  concentrations  in  the  inland  western 
states  are  ~0.5  pg  m'^.  These  background  levels  are  more  than  ten  times  the  highest  levels  that 
chaff  might  contribute  with  extremely  conservative  assumptions  about  particle  size  and 
deposition  rates. 
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Figure  10.  Annual  average  PM2.5  concentrations  (gg  m'^)  from  1988-95  at 
IMPROVE  regional  background  sites  in  the  continental  United  States  (James 
Sisler,  National  Parks  Service). 


FINE  SOIL 


Figure  11.  Annual  average  geological  contributions  (|j,g  m'^)  to  PM2.5  from  1988- 
95  at  IMPROVE  regional  background  sites  in  the  continental  United  States 
(James  Sisler,  National  Parks  Service). 
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Effects  of  Chaff  on  Humans 

The  size  of  chaff  dipoles  is  too  large  to  be  easily  inhaled  by  humans.  Figure  12  (Phalen  et  ah, 
1991;  ACGIH,  1993;  Heyder  et  al.,  1986;  Swift  and  Proctor,  1982)  shows  the  fraction  of 
particles  with  different  sizes  that  deposit  in  different  parts  of  the  human  body  when  particle¬ 
laden  air  is  breathed.  The  aerodynamic  diameter  of  a  chaff  dipole  cross  section  (~40  pm)  is  also 
shown.  Most  particles  larger  than  10  pm  are  removed  in  the  mouth  or  nose  prior  to  entering  the 
body.  Ten  to  60%  of  the  particles  passing  the  trachea  with  aerodynamic  diameters  less  than  10 
pm  may  deposit  in  the  lung  where  they  might  cause  harm.  The  lung  deposition  curve  is  bimodal, 
peaking  at  20%  for  ~3  pm  particles  and  at  60%  for  -0.03  pm  particles.  These  curves  show  that 
the  amount  of  particles  larger  than  2  or  3  pm  transmitted  through  mouth-breathing  is  significantly 
larger  than  the  amount  transmitted  when  breathing  takes  place  through  the  nose. 

Extreme  abrasion  would  be  needed  to  reduce  chaff  to  these  size  ranges.  The  most  probable 
breakup  of  a  dipole  would  be  perpendicular  to  its  length,  with  remaining  particles  having  a 
diameter  similar  to  the  dipole  radius,  with  an  aerodynamic  diameter  of -40  pm.  Figure  12  shows 
that  only  a  very  small  number  of  these  particles  pass  through  the  upper  respiratory  system  into 
the  lung. 


Particle  Aerodynamic  Diameter  (microns) 


Figure  12.  Human  deposition  of  particles  in  the  mouth,  nose,  trachea. 
Deposition  varies  with  breathing  rate,  as  indicated  by  curves  measured  at  rest, 
normal,  and  exercise  breathing  rates. 
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A  relevant  analogy  is  that  of  the  Bedouins  of  the  Sahara  desert,  who  live  in  a  sea  of  sand,  which 
is  composed  of  silica  (silicon  dioxide).  Silica  is  a  common,  well-known  cause  of  nodular  fibrosis 
of  the  lungs.  However,  the  Bedouins  do  not  get  silicosis  (nodular  fibrosis  of  the  lungs  due  to 
silica)  because  the  sand  particles  are  not  of  a  respirable  size.  They  are  too  large  to  inhale  into  the 
alveolated  portion  of  the  lungs  and  produce  disease. 

Human  lungs  at  autopsy  contain  a  mixture  of  respired  dusts,  some  of  which  are  capable  of 
producing  disease.  These  include  carbon  (anthracotic  pigment),  silica,  silicates,  iron,  and 
asbestos.  In  most  cases  however,  no  disease  attributable  to  these  dusts  is  seen,  because  their 
concentrations  are  too  low.  Even  if  abraded  chaff  particles  reached  the  depths  of  the  human  lung, 
the  fraction  would  be  small  compared  to  inhaled  dust  from  other  sources  any  disease  would  not 
likely  result.  Since  fibrous  glass  and  aluminum  oxide  in  chaff  are  relatively  nontoxic,  disease 
would  be  unlikely.  A  much  more  toxic  substance  such  as  asbestos  can  produce  serious  lung 
disease,  but  even  asbestos  has  a  threshold  level,  below  which  no  disease  is  produced. 

Airborne  chaff  fibers  have  not  been  epidemiologically  associated  with  human  disease. 
Nonetheless,  concern  for  possible  ill  effects  on  humans  has  been  voiced  by  the  public  and  echoed 
in  newspapers  (Mullen,  1998;  Ropp,  1999)  from  areas  near  chaff  dispersal.  Though  no  human 
data  on  chaff  toxicity  exist,  its  possible  toxicity  can  be  assessed  with  studies  on  fibrous  glass  and 
aluminum.  The  National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  published  a 
recommended  standard  for  occupational  exposure  to  fibrous  glass,  including  a  review  of 
previous  studies  on  fibrous  glass  and  health  risks  (US  Department  of  Health,  Education  and 
Welfare,  1977).  These  studies  investigated  the  health  of  those  primarily  involved  in  the 
manufacture  of  fibrous  glass  products.  Effects  on  skin  and  mucous  membranes  and  respiratory 
effects  were  reviewed,  including  epidemiological  studies.  Smaller  lengths  of  glass  fibers  were 
irritating  to  the  skin,  but  sensitization,  an  immune  response,  did  not  occur.  Similar  mechanical 
irritation  could  also  occur  with  exposure  to  the  eye  or  nasal  or  oral  mucous  membranes.  These 
problems  were  self-limited  and  avoidable. 

A  few  individuals  had  lung  disease  due  to  aspiration  of  plugs  or  masses  of  glass  fibers,  but  in 
several  case  series,  no  chronic  disease  was  detected.  Most  studies  are  epidemiological,  and  often 
the  degree  to  which  the  subjects  being  studied  smoked  was  not  investigated.  Two  diseases 
would  be  primarily  found  in  such  studies:  fibrosis  (scarring)  of  the  lungs,  an  irreversible 
disabling  chronic  disease,  and  primary  cancer  of  the  lung  proper  (carcinoma)  or  the  pleura 
(malignant  mesothelioma).  The  majority  of  these  studies  showed  no  significant  differences 
between  glass  workers  and  non-exposed  controls,  and  no  difference  between  mildly  and  severely 
exposed  glass  workers. 

In  one  study,  an  excess  of  cases  of  glass  workers  dying  of  “nonmalignant  respiratory  disease” 
was  noted  (Bayliss  et  al.,  1976).  The  precise  nature  of  the  diseases  was  not  stated,  and  exposure 
to  other  dusts  in  other  occupations  was  not  excluded,  nor  was  the  role  of  cigarette  use.  A  more 
recent  publication  states  that  fibrous  glass  is  not  associated  with  an  excess  of  death  from 
nonmalignant  lung  disease  (Ameille  et  al.,  1998).  The  workers  in  the  above  study  (Bayliss  et  al., 
1976)  were  exposed  to  80,000  glass  fibers  m’^  of  air;  fibers  had  a  median  diameter  of  1 .8  jtm  and 
length  of  28  p.m.  Thus,  these  fibers  are  much  smaller  than  chaff  and  were  more  likely  to  have 
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been  inhaled.  The  atmospheric  concentration  of  the  fibers  also  was  very  much  higher  than  any 
concentration,  which  could  be  achieved  in  open  air. 

Enterline  et  al.  (1983)  and  McDonald  et  al.  (1990)  studied  workers  in  17  plants  that  had 
produced  most  of  the  fibrous  glass  and  mineral  wool  from  1940-1952.  The  authors  concluded 
that:  “Respiratory  cancer  deaths  were  not  excessive  for  the  fibrous  glass  workers. . .”  and  “This 
study  provided  no  consistent  evidence  of  a  respiratory  disease  hazard  related  to  exposure  to  man¬ 
made  fibers  among  the  workers  who  produce  these  fibers.”  There  was  again  an  excess  of 
nonmalignant  respiratory  disease  deaths,  but  the  increase  was  not  related  to  amount  of  exposure 
to  glass. 

Weill  et  al.  (1983)  studied  workers  in  seven  plants  that  produced  man-made  vitreous  fibers 
(MMVF),  which  includes  fibrous  glass.  No  abnormalities  in  lung  function  were  found  in  the 
workers,  and  chest  film  showed  only  very  mild  abnormalities  in  a  minority.  The  authors 
concluded:  “In  general,  however,  the  minimal  evidence  of  respiratory  effects  detected  in  this 
investigation,  which  cannot,  at  present,  be  considered  clinically  significant,  is  encouraging 
concerning  the  question  of  potential  health  effects  of  exposure  to  MMVF.”  A  review  of  MMVF 
in  1998  came  to  a  similar  conclusion:  “At  the  present  time  there  is  no  evidence  of  a 
pneumoconiosis  risk  in  workers  exposed  in  either  glass,  rock  or  slag  wool  production  plants. 

This  is  probably  due  to  the  low  respirability  and  low  persistence  of  these  fibers  when  compared 
to  asbestos”(Ameille,  1998).  No  increased  risk  for  cancer  was  found  as  well. 

A  study  of  autopsy  lung  tissue  from  112  workers  employed  in  plants  where  MMVF’s,  including 
fibrous  glass,  were  manufactured  was  carried  out  to  search  for  the  burden  of  these  fibers  (Weill, 
1983).  Nearly  three-fourths  of  the  lung  samples  contained  no  MMVF’s.  The  remaining  26% 
contained  MMVF’s  in  very  low  levels.  The  fibers  appeared  to  be  partially  degraded.  Fiber 
concentrations  did  not  correlate  with  years  of  occupational  exposure.  Thus,  glass  fibers  do  not 
appear  to  accumulate  in  the  lungs  of  those  most  heavily  exposed  to  such  fibers. 

The  above  studies  were  in  humans  exposed  to  glass  fibers  of  respirable  size  over  long  periods  of 
time  at  concentrations  far  exceeding  those  possible  in  the  open  air.  Still,  the  effects  of  this 
intense  exposure  were  trivial;  in  most  comparisons  of  glass  workers  with  non-exposed  controls, 
there  were  no  significant  differences.  No  excess  cases  of  cancer  or  lung  fibrosis  were  detected 
(Gibbs,  1998).  A  Committee  on  Environmental  Health  of  the  American  Collage  of  Chest 
Physicians  put  it  this  way:  “Fiberglass  inhalation  seems  to  produce  a  minimal  tissue  response  in 
the  lungs. .  .There  is  no  evidence  to  indicate  that  inhaling  fiber  glass  is  associated  with  either 
permanent  respiratory  impairment  or  carcinogenesis.... ’’(Gross,  1976). 

Aluminum  is  a  very  common  metal  in  the  earth’s  crust  and  thus  is  a  part  of  the  natural  soil  layer. 
This  light,  durable  metal  has  many  uses  and  manufacturing  involving  aluminum  is  widespread.  It 
is  estimated  that  nearly  two  million  people  in  the  United  States  are  exposed  to  aluminum  as  part 
of  their  occupation  (Nemery,  1998).  However,  lung  disease  due  to  aluminum  is  a  controversial 
topic.  Some  say  aluminum  does  not  cause  any  lung  disease  (fibrosis),  while  others  claim  to  have 
seen  rare  examples  of  lung  disease  due  to  aluminum.  All  agree  that  “parenchymal  lung 
disease. .  .appears  to  be  very  uncommon.”  (Nemery,  1998).  The  few  cases  reported  appear  to 
have  been  heavy  exposures  to  respirable-sized  particles  during  manufacturing,  an  exposure  that 
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should  not  have  occurred.  Other  cases  of  disease  may  involve  exposure  to  silica  as  well,  as  well 
as  other  chemical  bound  to  the  aluminum.  Thus  the  aluminum  itself  may  not  be  at  fault. 

Various  authors  conclude  that  aluminum  exposure  is  not  associated  with  an  increased  risk  of 
cancer.  Rarely,  it  may  cause  pulmonary  fibrosis  if  large  numbers  of  respirable  particles  are 
inhaled  (Nemery,  1998;  Chip  et  al.,  1998).  Considering  the  large  number  of  workers  exposed  to 
aluminum,  the  likelihood  of  harmful  exposure  appears  extremely  small.  Exposure  in  the  open  air, 
as  fi’om  chaff,  would  not  result  in  disease  because  the  concentration  of  aluminum/glass  particles 
is  so  low  and  the  particles  are  too  large  to  be  respired. 

As  discussed  in  other  sections,  nearly  all  chaff  fibers  are  too  large  a  size  to  be  respired.  The  tiny 
number  of  fibers  that  could  be  inhaled  because  they  are  of  respirable  size  or  have  degraded  to 
such  a  size  are  insufficient  to  produce  disease.  Persons  occupationally,  that  is,  heavily  exposed  to 
the  components  of  chaff  fibers  are  at  no  increased  risk  for  lung  fibrosis  or  cancer.  The 
components  of  chaff,  that  is,  glass  and  aluminum,  do  not  have  any  proven  fibrogenic  or 
carcinogenic  potential.  This  is  very  different  from  certain  types  of  asbestos  fibers,  which  are  both 
fibrogenic  and  carcinogenic.  In  summary,  available  human  data  on  chaff  and  its  components  fail 
to  show  an  increased  incidence  of  lung  disease. 

Effect  of  Chaff  on  Domestic  Livestock 

Nutritional  effects  due  to  chaff  ingestion.  Given  the  chemical  composition  of  chaff  and  the 
limited  potential  for  exposure  of  grazing  animals  to  chaff  fibers,  it  is  highly  unlikely  that  any 
harmful  effects  are  to  be  expected  due  to  chaff  ingestion  by  livestock.  Chemically,  chaff  fibers 
are  very  similar  in  composition  to  predominant  minerals  in  the  earth’s  crust,  AI2O3  and  Si02. 

Although  the  aluminum  in  chaff  exists  as  relatively  inert  metallic  aluminum  coated  on  the  glass 
fibers,  it  could  be  postulated  that  after  ingestion  some  of  the  aluminum  could  be  leached  dining 
passage  through  the  gut.  While  there  is  no  information  in  the  literature  to  document  toxic  effects 
due  to  metallic  aluminum  ingestion  (Sorenson  et  al.,  1974),  conditions  do  exist  in  the  gut  that 
(theoretically  at  least)  could  give  rise  to  some  aluminum  solublization.  Salts  of  aluminum  can 
interfere  with  animal  nutrition.  As  AF^,  aluminum  can  interfere  with  phosphorus  absorption  and 
cause  secondary  phosphorus  deficiency  in  both  ruminants  and  non-ruminants  (NRC,  1980).  The 
primary  factors  that  affect  the  severity  of  aluminum  toxicity  are  the  amount  of  aluminum,  the 
solubility  of  the  aluminum,  and  the  level  of  phosphorus  in  the  diet.  Bailey  (1977)  and  Valdivia 
et  al.  (1978)  found  no  adverse  effects  of  feeding  soluble  salts  of  aluminum  to  calves  at  rates  of 
up  to  1200  mg  kg’’  aluminum  in  the  diet.  Similar  investigations  with  sheep  showed  no  adverse 
effects  up  to  1215  mg  kg'*  aluminum.  Based  on  these  studies,  the  National  Research  Council 
(NRC)  recommends  that  the  maximum  tolerable  level  of  soluble  aluminum  (AR^)  for  cattle  and 
sheep  is  approximately  1 000  mg  kg'*  in  the  diet.  Research  on  the  effects  of  aluminum  on  non¬ 
ruminant  animals  has  been  confined  mainly  to  turkeys  and  chicks  (Cakir  et  al.  1978;  Storer  and 
Nelson,  1968).  The  NRC  recommendation  is  that  dietary  aluminum  from  soluble  salts  for  non¬ 
ruminants  should  be  limited  to  approximately  200  mg  kg'*.  It  also  should  be  noted,  however,  that 
although  the  NRC  recommendations  limit  Al  ingestion  at  the  high  end,  there  is  some  evidence 
that  feeding  limited  amounts  of  Al  salts  can  actually  improve  animal  performance  (Dishington, 
1975;  McManus  and  Bigham,  1978). 
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The  degree  to  which  any  given  amount  of  aluminum  metal  leaches  from  chaff  in  the  gut  will  be 
determined  by  two  factors:  the  ambient  pH,  and  the  residence  time  of  the  chaff  particle.  In 
general,  conversion  of  aluminum  metal  to  requires  a  pH  of  5.0  or  lower.  Rumen  pH  rarely 
drops  below  5.4  and  is  normally  closer  to  6.0,  depending  on  the  nature  of  the  diet.  Again, 
depending  on  diet,  the  mean  residence  time  for  a  particle  in  the  rumen  is  about  24  hours.  The  pH 
of  the  abomasum  drops  to  4.5  and  the  remainder  of  the  hindgut  is  somewhat  lower.  Rate  of 
passage  at  this  stage  is  variable  but  usually  rapid,  ranging  from  several  minutes  to  several  hours 
(G.  Varga,  personal  communication).  Because  of  the  fine  fibrous  nature  of  chaff,  it  is  possible 
that  some  of  the  material  could  collect  over  time  and  form  “hairballs”  in  the  rumen  that  could 
remain  for  a  considerable  period  of  time.  Indeed,  actual  hairballs  have  been  found  in  cows 
during  post-mortem  examination  of  rumen  contents.  It  is  also  possible  that  chaff  fibers  could 
collect  in  the  villi  of  the  omasum,  which  is  a  filtering  organ  between  the  rumen  and  abomasum. 
Like  the  rumen,  however,  the  omasum  is  usually  well-buffered  and  non-acidic.  It  is  also 
relatively  dry.  Thus  it  is  unlikely  that  any  significant  amount  of  aluminum  in  ingested  chaff 
would  be  exposed  to  internal  conditions  long  enough  to  render  it  toxic  to  the  animal. 

Nevertheless,  a  “worst  possible  case”  can  be  calculated,  based  on  estimated  daily  dry  matter 
intake  and  potential  for  chaff  ingestion  by  cows  in  the  NAS  Fallon  area.  Beef  cattle  consume 
somewhere  aroimd  2%  of  their  body  weight  daily  as  plant  dry  matter.  For  a  typical  550  kg  beef 
cow,  the  daily  feed  intake  would  be  approximately  1 1  kg  dry  matter.  If  all  the  aluminum  in 
ingested  chaff  became  the  soluble  (AF^)  form,  1 1  g  of  AF^  (1 1,000  mg  AF^  per  1 1  kg  feed) 
would  need  to  be  nutritionally  available  daily  to  reach  the  1000  mg  kg'*  dietary  threshold  for 
toxicity  determined  by  the  NRC.  This  is  highly  unlikely  given  that  the  conversion  of  A1  to  AF^ 
is  very  slow  in  the  dry,  non-oxidizing  environment  in  Nevada  and  the  aimual  loading  rate  for 
chaff  (at  least  for  NAS  Fallon).  Mass  balance  calculations  (See  "Chaff  Distribution",  above) 
showed  that  <  20  g  ha"'  are  deposited  per  year  over  the  test  site.  The  highest  expected  stocking 
density  for  livestock  on  good  rangeland  is  one  animal  unit  (cow  or  cow-calf  pair)  per  2  ha.  Thus, 
one  animal  unit  would  have  access  to  40  g  (40,000  mg)  annually,  not  daily,  of  which  only  16  g 
(40%)  would  be  aluminum  metal. 

Finally,  when  all  of  this  information  is  put  in  proper  perspective,  it  is  clear  how  minuscule  a 
threat  chaff  presents  to  livestock,  at  least  nutritionally.  Coming  back  to  the  soil,  aluminum  in 
soil  can  range  from  4  to  30%  of  the  dry  matter  (Allen,  1984),  and  is  present  in  various  forms, 
including  silicate  clays,  hydrated  oxides,  phosphates,  and  in  ionic  form.  Grazing  animals  are 
known  to  consume  considerable  amounts  of  soil,  with  soil  intakes  inversely  related  to  the  amount 
of  available  plant  material.  Soil  intakes  as  high  as  400  g  day’'  have  been  observed  for  grazing 
ewes  (Healy,  1967),  and  1.3  kg  day’'  for  cattle  (Mayland  et  al.,  1973)  with  no  negative  effects. 
Clearly,  the  contribution  of  chaff  aluminum  to  the  large  mass  of  native  aluminum  potentially 
ingested  is  very  small  indeed  and  poses  no  conceivable  threat  to  livestock. 

Physical  effects  due  to  chaff  ingestion.  Because  of  its  fibrous  glass  composition,  chaff  does 
have  the  potential  to  cause  physical  harm  to  gut  mucosa  if  ingested.  Very  little  research  has 
examined  this  potential.  One  unpublished  study,  a  report  to  the  Director  of  Canadian  Electronic 
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Warfare”  fed  aluminum  coated  fiberglass  chaff  to  beef  calves  (approximately  180  kg  live 
weight)  at  up  to  7  g  day'*.  It  is  instructive  that  a  preliminary  investigation  found  that  the  animals 
rejected  the  chaff  outright,  and  that  the  material  had  to  be  evenly  scattered  over  the  grain  ration 
and  thoroughly  mixed  with  molasses  before  the  calves  would  eat  it.  The  feeding  treatments 
were  applied  for  up  to  39  consecutive  days,  during  which  time  no  differences  were  shown 
between  chaff-fed  and  control  animals  in  terms  of  weight  gain  or  blood  chemistry.  Post-mortem 
examination,  including  a  detailed  histological  examination  of  sections  of  the  entire  gut  showed 
no  lesions.  Small  chaff  fragments  found  trapped  in  between  the  villi  of  the  reticulum  did  not 
appear  to  have  provoked  any  cellular  reaction.  Based  on  these  results,  MacKay’^  concluded  that 
long-term  tests  for  chronic  toxicity  were  unwarranted.  In  another  unpublished  study  at  the 
Pennsylvania  State  University  (R.  Adams,  personal  communication),  1 .8  kg  of  chaff  was  fed 
daily  to  dairy  calves.  ‘TSlo  adverse  effects  were  found  in  the  several  animals  receiving  such  over 
an  appreciable  period  of  feeding.”  Both  of  these  sources  of  information  indicate  that  ingested 
chaff  poses  no  threat  to  animal  health. 

Inhalation  hazards  to  livestock.  Most  of  the  research  addressing  inhalation  hazards  of  glass 
fibers  has  been  conducted  either  on  humans  or  laboratory  animals  (CDC,  1977;  Lee  et  al.  1979). 
Results  of  this  work  (reported  in  a  section  above  entitled,  "Chaff  and  Other  Atmospheric 
Particulates")  should  apply  to  domestic  livestock  as  well.  Suffice  it  to  say  that  because  of  their 
size  (15-25  ^m  diameter)  the  primary  fibers  are  not  considered  to  be  capable  of  being  inhaled. 
After  they  deposit  on  the  ground,  however,  they  can  be  fragmented  to  smaller  sizes  through 
abrasion  and  erosion.  The  degree  to  which  this  occurs  is  unknown,  and  warrants  an  experimental 
approach  as  suggested  in  the  section  below  entitled,  "Remaining  Questions  and  Experimental 
Approaches.” 


Chaff  and  Its  Effects  on  Marine  and  Freshwater  Ecosystems. 

There  are  three  possible  ways  chaff  could  affect  aquatic  systems:  1)  by  the  addition  of  aluminum 
and  glass  to  these  systems,  and/or;  2)  by  the  particles  themselves  on  the  ecology  of  aquatic 
organisms,  and/or;  3)  by  transmission  through  the  food  chain,  such  as  to  ducks  that  feed  on 
aquatic  organisms. 

As  has  been  pointed  out  in  previous  sections,  AI2O3  and  Si02  are  the  most  common  minerals  in 
the  earth’s  crust.  Since  ocean  waters  are  in  constant  exposure  to  crustal  materials,  there  is  little 
reason  to  believe  that  the  addition  of  small  amounts  of  chaff  will  have  any  effect  on  either  water 
or  sediment  composition. 

We  can  consider  estimates  of  amounts  of  glass  and  aluminum  added  to  the  ocean  by  human 
activities  in  forms  other  than  chaff.  As  an  example.  Clean  Ocean  Action  gives  data  for  beverage 
cans  and  glass  bottles  picked  up  on  New  Jersey  beaches  in  1994.  About  5  kg  km'*  of  bottles  and 
450  g  km  *  of  beverage  cans  (assumed  to  be  aluminum)  were  collected.  The  total  beach  shore  of 
New  Jersey  is  about  200  km  in  the  counties  that  participated  in  the  cleanup.  If  we  assume  the 
debris  came  from  the  shore  to  1  km  offshore  we  would  have  about  0.45  g  ha'*  yr‘*  of  aluminum 


“  The  Ingestion  of  Fiberglass  Chaff  by  Cattle,  Canada  Department  of  Agrieulture  for  the  Director  of  Electronic 
Warfare,  Canadian  Forces  Headquarters,  1972. 
ibid. 
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from  beverage  cans.  This  is  of  the  same  order  of  magnitude  as  the  estimated  chaff  deposition 
over  the  Chesapeake  Bay.  Of  course,  there  are  other  sources  of  aluminum  metal  in  both  fresh 
and  ocean  waters. 

Studies  of  the  effects  of  water  exposed  to  1000  mg  L''  chaff  on  freshwater  water  fleas  {Daphnia 
magna)  showed  no  effect,  although  the  animals  were  not  exposed  directly  to  the  fibers*^.  In 
another  series  of  tests,  Chesapeake  Bay  animals  were  exposed  directly  to  the  chaff  fibers.  Blue 
crabs,  menhaden  and  killifish  were  force  fed  whole  and  broken  fibers  for  several  weeks  at 
concentrations  up  to  1000  times  that  to  which  they  would  be  exposed  in  the  Bay.  No  effects 
were  observed.  There  was  no  significant  effect  at  10  times  the  environmental  exposure  (the  most 
concentrated  level  used)  in  one-day-old  oyster  larvae.  Nor  were  there  significant  effects  at  100 
times  the  environmental  exposure  in  1 0-day-old  oyster  larvae;  at  1 000  times  the  environmental 
exposure,  there  was  a  small  effect  on  larval  size.  Polychaetes  were  tested  at  10  times  the 
environmental  exposure  with  no  effect,  although  some  of  the  worms  used  the  chaff  in  their 
burrows.  In  summary,  these  experiments  indicate  that  aquatic  organisms  exposed  to  chaff  levels 
that  occur  in  Chesapeake  Bay  do  not  show  any  effects  from  the  chaff'"^. 

When  considering  the  possible  effects  of  chaff  particles  themselves  on  aquatic  systems,  we  can 
ask  whether  or  not  there  are  natural  particles  of  a  similar  nature  to  which  these  systems  and  their 
inhabitants  are  already  adapted.  The  siliceous  spicules  of  some  sponges  are  similar  to  chaff. 

The  most  abundant  shallow  water  sponges  in  the  oceans  are  in  the  subclass  Monaxonida  of  the 
Demospongiae  (Hyman,  1940).  All  of  these  sponges  have  siliceous  spicules,  composed  of  opal 
glass.  All  freshwater  sponges  also  contain  siliceous  spicules.  Freshwater  sponges  are  common 
in  clean  ponds,  lakes,  streams,  and  rivers.  They  occur  throughout  North  America.  Barton  and 
Addis  (1997)  described  them  in  six  drainage  basins  in  western  Montana.  Sponge  spicules  come 
in  different  shapes  but  many  are  simple,  straight,  needle-like  objects,  made  of  Si02,  often  with 
sharp  pointed  ends.  Some  representative  spicule  sizes  from  the  marine  sponges  of  British 
Columbia  are  from  1-30  |xm  in  diameter  and  from  40-8500  pm  long  (Smecher,  1999).  Chaff 
fibers  are  about  25  pm  in  diameter  up  to  centimeters  long.  Sponge  spicules  are  therefore  about 
the  same  diameter  as  chaff  whether  it  be  whole  or  split  longitudinally  (if  that  happens). 

Unbroken  chaff  fibers  are  much  longer  than  spicules,  but  it  is  highly  likely  that  interactions 
between  chaff  and  animals  will  occur  with  fibers  that  have  been  broken  and  therefore  more  like 
spicules. 

Sponge  spicules  are  present  in  sediments  from  both  geological  and  recent  times  in  freshwater  and 
marine  sediments  (Cohen  and  Davies  1989,  Harrison  et  al.,  1979).  Freshwater  sponges  are 
abundant  in  Okefenokee  Swamp  in  southern  Georgia,  a  wilderness  area  over  which  chaff  is 
dispersed  during  air  training.  Some  samples  of  peat  from  Okefenokee  swamp  contain  up  to  3% 
siliceous  spicules  from  freshwater  sponges  (Cohen  1973).  In  Florida  lake  sediments,  sponge 
silica  averaged  31.5  mg  g“'  (Conley  and  Schelske,  1993).  To  put  this  in  context,  30  mg  g  ’  would 
be  about  6  mg  g"'  of  wet  sediment  assuming  80%  water  content.  The  chaff  deposition  at 


Aquatic  Toxicity  and  Fate  of  Iron  and  Aluminum  Coated  Glass  Fibers,  Haley,  M.V.  and  Kumas,  C.W.,  US  Army 
Chemical  Research,  Development,  and  Engineering  Center,  ERDEC-TR-422, 1992. 

Effects  of  Aluminized  Fiberglass  on  Representative  Chesapeake  Bay  Marine  Organisms,  Systems  Consultants,  Inc 
under  contract  to  the  US  Naval  Research  Laboratory,  1977. 
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Patuxent  River  NAS  was  a  little  over  0.2  g  ha"'  yr’.  If  we  assume  sediment  deposition  on  the 
average  keeps  up  with  sea  level  rise  of  about  2  mm  yr"'  and  sediment  density  is  about  1 ,  the  chaff 
concentration  at  Patuxent  River  NAS  over  the  long  term  would  be  10  ug  g'',  over  three  orders  of 
magnitude  lower  than  the  sponge  silica  in  Florida  lake  sediments. 

Aquatic  animals  contact  spicules  in  the  ordinary  course  of  their  lives.  There  is  also  evidence  that 
animals  that  feed  on  sponges  ingest  the  spicules  without  damage.  Freshwater  sponges  are  the 
most  important  invertebrate  food  for  juvenile  ring-neck  ducks  (Mcauley  and  Longcore  1988). 
Crayfish  feed  on  them  (Williamson  1979)  and  a  Brazilian  fish  eats  them  so  regularly  that  it  is 
used  as  a  collecting  mechanism  by  sponge  experts  (Volkmer-Ribeiro  and  Grosser,  1981).  In  the 
sea,  sponges  are  eaten  and  their  spicules  found  in  sea  urchins  (Birenheide  et  al.,  1992),  euphausid 
shrimp  (Ritz  et  al.  1990),  clams  (Osorio  et  al.,  1987),  larval  king  crabs  (Feder  at  al.,  1980),  and 
hawksbill  turtles  (Ernst  et  al.,  1994).  It  is  clear  from  these  examples  that  aquatic  organisms  get 
along  with  sponge  spicules.  They  do  not  eat  sponges  to  get  the  spicules,  but  they  ingest  the 
spicules  in  the  course  of  eating  the  sponges.  They  handle  the  spicules  without  harm.  Since  chaff 
fibers  are  of  similar  composition  and  size  once  the  aluminum  chips  off  and  the  fibers  break  up, 
aquatic  organisms  should  have  no  difficulty  dealing  with  those  they  may  encounter. 

While  sponge  spicules  provide  a  reasonable  analog  to  the  RF  chaff,  they  are  extremely  rare 
compared  to  diatoms,  the  frustrules  (cell  covers)  of  which  are  composed  of  silica.  Diatoms  are  an 
important  component  of  both  marine  and  freshwater  food  webs  and  are  routinely  ingested  by 
many  types  of  zooplankton  and  fish  larvae.  The  bulk  of  the  silica  passes  through  the  digestive 
system  and  is  packaged  into  fecal  pellets.  Silicoflagellates  and  radiolaria  are  other  groups  of 
aquatic  organisms  that  incorporate  silica  into  their  structures.  It  should  also  be  noted  that  silicon 
dioxide  is  soluble  in  water,  the  actual  solubility  is  dependent  on  the  specific  form. 


Open  Questions  and  Degradable  Chaff 

Open  Questions.  A  number  of  open  questions  were  identified  in  the  GAO  report  with  respect  to 
the  environmental  effects  of  RF  chaff.  Those  questions  were: 

•  long-term  and  chronic  exposure  to  inhaled  chaff  fibers; 

•  resuspension  rates  of  coated  and  uncoated  chaff  fibers; 

•  weathering  rates  and  chemical  fate  of  metal  coatings  in  soil,  fresh  and  marine 
waters; 

•  review  of  threshold  metal  toxicity  values  in  humans,  animals,  and  fresh  and 
marine  organisms; 

•  evaluation  of  potential  impacts  of  fibers; 

•  respirability  of  fibrous  particles  in  avian  species; 

•  aquatic  and  marine  studies  to  establish  the  impact  of  fibers; 

•  pathology  of  inhaled  fibers; 

•  chaff  accumulation  on  water  bodies  and  its  affect  on  animals; 

•  bioassay  tests  to  assess  toxicity  of  chaff  to  aquatic  organisms,  and; 

•  the  potential  for  impacts  on  highly  sensitive  aquatic  habitats. 
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In  light  of  the  analysis  described  in  the  body  of  this  report  and  the  scientific  studies  to  date,  the 
panel  concludes  that  only  two  significant  questions  remain  regarding  the  environmental  effects 
of  the  current  RF  chaff  used  in  training  and  should  be  considered  for  further  study.  Specifically, 
the  resuspension  rates  of  chaff  fibers  and  their  physical  fate  (considered  above  as  weathering 
rates)  should  be  addressed.  Guidance  as  to  the  scientific  questions  that  should  be  asked  in  such 
studies  and  suggested  experimental  approaches  are  provided  in  the  Panel  Recommendations 
section  below. 

The  current  data  and  “upper  bounds”  estimates  significantly  reduce  the  uncertainty  of 
environmental  effect  to  the  remaining  open  questions  identified  by  the  GAO.  While  some  of 
those  questions  may  be  important  in  scientific  pursuit,  there  is  just  not  enough  evidence  to 
suggest,  given  the  current  use  of  chaff,  that  addressing  these  questions  will  yield  significant 
results  or  further  our  understanding  of  environmental  effects  in  general. 

Degradable  Chaff.  The  DOD  is  currently  developing  degradable  chaff,  which  is  driven  by  both 
environmental  and  operational  needs.  There  is  not  a  strong  sense  by  the  panel  that  a  well  - 
planned  programmatic  approach  to  addressing  non-engineering  issues  has  been  developed.  Two 
studies  are  known  that  address  ecotoxicity  of  degradable  chaff  But  a  cohesive  program  to 
address  environmental  concerns,  such  as  those  that  resulted  in  a  request  for  a  GAO  investigation 
of  standard  chaff  (RF  chaff  used  to  date),  has  not  been  identified.  This  leads  the  panel  to 
conclude  that  as  degradable  chaff  moves  from  the  R&D  stages  to  use  in  training  that  the  research 
addressing  environmental  issues  will  be  spotty  and  result  only  in  response  to  pressure  placed  on 
the  DOD.  The  panel  recommends  that  a  small  to  modest  program  with  a  scientific  program 
manager  be  established.  The  program  manager,  in  consultation  with  a  scientific  advisory  group, 
should  develop  a  cohesive  realistic  set  of  projects  to  address  real  environmental  issues  that  may 
result  with  the  use  of  degradable  chaff 


Panel  Findings 

•  Chaff  emissions.  Although  chaff  particles  are  much  larger  than  the  PMio  and  PM2.5  particle 
emissions  estimated  by  EPA,  total  U.S.  emissions  are  orders  of  magnitude  less  than  those 
from  suspended  dust,  vehicle  exhaust,  power  generation,  and  industrial  processes.  This  is 
true  for  the  United  States  as  a  whole  and  for  counties  surrounding  test  areas  where  chaff  is 
released. 

•  Chaff  concentrations.  Under  worst  case  conditions  that  assume  no  deposition  and  complete 
breakup  to  respirable  PMio  and  PM2,5,  chaff  releases  will  not  provide  more  than  a  0.05  pg  m'^ 
over  current  ambient  concentrations.  This  is  less  than  one-hundredth  of  the  particle  levels  set 
by  U.S.  EPA  to  protect  public  health.  It  is  less  than  one-tenth  of  the  PM2.5  geological 
concentrations  found  at  U.S.  background  monitoring  sites. 

•  Possible  nutritional  effects  due  to  chaff  ingestion'.  Risk  is  minimal  to  nil  for  both  humans  and 
livestock,  considering  the  chemical  composition  of  chaff  (essentially  identical  to  soil)  and 
low  chaff  loading  to  the  environment. 
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•  Possible  physical  effects  due  to  chaff  ingestion:  Ingestion  of  glass  fibers  conceivably  could 
induce  lesions  and  other  harmful  responses  in  either  humans  or  livestock.  The  limited 
studies  conducted  on  ruminants,  however,  have  shown  no  harmful  effects  in  feeding  trials 
lasting  several  weeks.  A  definitive  answer  to  the  question  of  long-term  exposure  would 
require  further  research. 

•  Possible  inhalation  hazards  to  livestock:  Primary  chaff  fibers  are  too  large  to  be  inhaled  by 
livestock.  Secondary  fibers,  resulting  from  the  break-up  in  the  environment  to  smaller  fibers, 
possibly  could  be  small  enough  to  be  inhaled.  To  be  a  significant  inhalation  hazard  these 
secondary  fibers  must  be  resuspended  in  the  air  and  transported  in  sufficient  quantities  to  a 
location  where  they  can  be  inhaled.  As  above,  a  definitive  answer  will  require  further 
research. 

•  Aquatic  animals  are  exposed  to  siliceous  sponge  spicules  at  sizes  similar  to  chaff  often  at 
much  higher  concentrations  than  chaff  and  have  been  through  geological  time  without 
damage. 


Panel  Recommendations 


•  The  panel  recommends  that  the  DOD  address  the  following  questions  related  to  the 
resuspension  and  fate  of  chaff  (guidance  is  provided  in  the  following  section); 

1.  What  fraction  of  emitted  chaff  breaks  up  in  atmospheric  turbulence  into  inhalable 
particles? 

2.  How  much  chaff  is  abraded  and  resuspended  after  it  is  deposited  on  a  surface? 

3.  What  are  the  shapes  of  chaff  particles  after  abrasion? 

4.  What  is  the  empirical  terminal  deposition  velocity  of  chaff? 

5.  What  is  the  spatial  distribution  of  chaff  clouds  under  different  release  and 
meteorological  conditions? 

6.  How  do  chaff  emissions  and  expected  concentrations  compare  to  emissions  and 
concentrations  from  other  particle  emitters  over  the  time  periods  and  areas  where 
chaff  is  released? 

7.  What  quantities  of  inhalable  chaff  are  found  in  communities  near  training  facilities 
where  chaff  is  released? 

•  Further,  the  panel  recommends  an  organized  program  addressing  the  environmental  effects  of 
degradable  chaff 
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Remaining  Questions  and  Experimental  Approaches 

After  examining  the  available  information,  the  following  questions  remain  to  be  answered  by 
experiment.  The  experiments  outlined  for  the  questions  below  can  be  conducted  for  the  different 
types  of  chaff  used  in  the  U.S.  using  existing  expertise  and  facilities. 

What  fraction  of  emitted  chaff  breaks  up  in  atmospheric  turbulence  into  inhalable  particles? 
Simulate  worst-case  chaff  breakup  in  the  laboratory  by  placing  a  known  quantity  of  chaff  into  a 
fluidized  bed  and  agitating  it  for  24-hours  (or  longer)  while  sampling  the  atmosphere  above  the 
bed  through  PMio  and  PM2.5  inlets  onto  filters.  The  fluidized  bed  agitation  and  the  accompanying 
abrasion  of  adjacent  fibers  should  exceed  expected  turbulent  movements  found  in  the 
atmosphere.  Weigh  the  filters  to  estimate  the  quantities  of  PMio  and  PM2.5  produced  per  unit 
weight  of  chaff.  Weight  the  chaff  before  and  after  agitation  to  determine  the  total  amount  lost  to 
the  atmosphere.  Sieve  the  chaff  before  and  after  agitation  to  determine  changes  in  large  particle 
size  distribution  (presumably  none  of  the  long  fibers  will  penetrate  the  >100  mesh  sieves,  but 
broken  up  portions  of  fibers  will  penetrate). 

How  much  chaff  is  abraded  and  resuspended  after  it  is  deposited  on  a  surface? 

Simulate  chaff  suspension  in  a  laboratory  wind  tunnel  by  depositing  a  thin  layer  on  soil  surfaces 
similar  to  those  over  which  chaff  is  released.  Worst-case  abrasion  could  be  simulated  by  using  a 
loose  surface  with  maximum  abrasion  potential.  Chaff  would  be  evenly  mixed  within  this 
reservoir  to  maximize  abrasion  by  the  loose  soil  particles.  Sample  onto  Nucleopore  filters  that 
can  be  examined  microscopically  to  determine  the  quantity  of  chaff  in  different  size  ranges. 

What  are  the  shapes  of  chaff particles  after  abrasion? 

Obtain  samples  on  Nucleopore  filters  and  examine  them  under  an  electron  microscope. 

Determine  the  fraction  of  abraded  particles  that  are  amorphous  and  those  that  form  respirable 
fibers.  Apply  x-ray  analysis  to  individual  particles  to  determine  the  extent  to  which  the 
aluminum  coating  separates  from  the  glass  fibers. 

What  is  the  empirical  terminal  deposition  velocity  of  chaff? 

Release  a  known  quantity  of  chaff  from  atop  a  fall  tower  onto  a  continuously  recording 
microbalance.  Determine  the  equivalent  velocity  for  10%,  50%,  and  90%  of  the  falling  fibers  to 
reach  the  surface.  Infer  the  orientation  of  chaff  falling  in  still  air  from  this  distribution.  Cataido  et 
al.  (1992)  used  the  theoretical  approach  of  Liu  et  al.  (1993)  to  determine  an  equivalent  Stokes 
diameter  that  is  the  basis  for  estimating  terminal  velocities.  This  theory  is  based  on  the  prolate 
spheroid  model  of  Fuchs  (1964).  While  Liu  et  al.  (1993)  experimentally  showed  that  this 
aerodynamic  diameter  could  be  used  to  estimate  PMio  inlet  properties,  they  did  not  address 
gravitational  deposition  of  large  chaff  particles.  The  degree  to  which  the  oblate  spheroid  model 
represents  actual  deposition  of  these  dipoles  is  unknown. 

What  is  the  spatial  distribution  of  chaff  clouds  under  different  release  and  meteorological 
conditions? 

Record  NEXRAD  images  of  chaff  releases  in  areas  where  test  ranges  are  in  the  proximity  of 
sensors.  Analyze  these  images  for  duration  and  intensity  of  chaff  distributions  after  release. 

Map  zones  of  influence  and  superimpose  these  on  population  density  and  land  use  maps. 
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Determine  the  extent  to  which  flight  operations  can  be  coordinated  with  meteorological 
conditions  to  minimize  the  impact  of  chaff  deposition  on  sensitive  areas. 

How  do  chaff  emissions  and  expected  concentrations  compare  to  emissions  and  concentrations 
from  other  particle  emitters  over  the  time  periods  and  areas  where  chaff  is  released? 

Repeat  emissions  comparisons  and  worst-case  concentration  calculations  for  specific  counties 
over  which  chaff  is  expected  to  have  an  influence.  Use  more  specific  information  about 
quantities  released  at  different  altitudes  within  and  around  county  boundaries,  fractions  abraded 
to  PMjo  or  PM2.5,  size  and  spatial  extent  of  the  chaff  cloud,  and  other  emissions  within  affected 
counties. 

What  quantities  of  inhalable  chaff  are  found  in  communities  near  training  facilities  where  chaff 
is  released? 

Acquire  samples  of  particles  on  filter  media  over  long  time  periods  and  examine  them 
chemically  and  microscopically  for  the  quantity  of  intact  and  abraded  chaff  Daily  and  weekly 
average  samples  are  taken  throughout  an  entire  year  in  representative  communities.  Radar  and 
wind  measurements  are  examined  to  determine  when  nearby  communities  are  most  likely  receive 
chaff  particles.  These  samples  are  submitted  to  appropriate  analyses  to  determine  the  relative 
contributions  from  chaff  and  other  PMio  and  PM2,5  sources.  Properties  to  be  sought  are 
determined  from  the  same  analysis  applied  to  chaff  that  has  been  subjected  to  abrasion. 
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AFB,  Air  Force  Base 

ASN  (I&E),  Assistant  Secretary  of  the  Navy 
for  Installations  and  Environment 

BLM,  Bureau  of  Land  Management 

CONUS,  Continental  United  States 

DOD,  Department  of  Defense 

FWS,  Fish  and  Wildlife  Service 

GAO,  General  Accounting  Office 

MMVF,  man-made  vitreous  fibers 

MOA,  Military  Operating  Area 

MPA,  Metropolitan  Planning  Area 

NAAQS,  National  Ambient  Air  Quality 
Standards 

NAS,  Naval  Air  Station 

NEXRAD,  Next  Generation  Weather  Radar 

NRC,  National  Research  Council 

NWS,  National  Weather  Service 

PM2.5,  Particulate  Matter  less  than  2.5 
microns 

PMio,  Particulate  Matter  less  than  10 
microns 

R&D,  Research  and  Development 
RF,  Radio  Frequency 


TSP,  Total  Suspended  Particles 
USAF,  United  States  Air  Force 
US  EPA,  Environmental  Protection  Agency 

Units  of  Measure 

cm,  centimeter 

ft.  agl,  feet  above  ground  level 

ft,  feet 
g,  gram 

ha,  hectare 
hr,  hour 
kg,  kilogram 
m,  meter 
mg,  milligram 
mi,  mile 
min,  minute 
s,  second 

std  dev,  standard  deviation 
tpy,  tons  per  year 
um,  micrometer 
ug,  microgram 
yr,  year 
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Biographical  Sketch:  Panel  Members 


Steven  L.  Fales 
Professor  of  Agronomy 
Pennsylvania  State  University 

Dr.  Steven  Fales  is  a  Professor  and  Department  Head  of  Agronomy  in  the  College  of 
Agrieultural  Sciences,  Penn  State  University.  Dr  Fales  is  also  the  Director  of  the  Grazing 
Research  and  Education  Center,  which  focuses  on  environmental  sustainability  and  profitability 
of  animal  agriculture  through  better  use  of  grassland  resources.  Dr.  Fales'  research  focuses  on 
crop  management,  forage  crop  quality,  physiology,  and  utilization;  plant-plant  and  plant-animal 
interactions  in  pastoral  environments;  pasture  management;  ecology  of  intensive  grazing 
systems.  He  is  a  member  or  officer  of  a  number  of  research  councils.  Dr  Fales  is  the  author  or 
co-author  of  over  30  refereed  journal  articles,  several  book  chapters,  and  numerous  bulletins  and 
other  publications. 


Harold  F.  Hemond 

Professor,  Civil  and  Environmental  Engineering 
Massachusetts  Institute  of  Technology 

Dr.  Harold  Hemond  is  William  E.  Leonhard  Professor  of  Civil  and  Environmental  Engineering 
and  Director  of  the  R.M.  Parsons  Laboratory  at  the  Massachusetts  Institute  of  Technology.  Dr 
Hemond's  research  focuses  on  biogeochemistry,  groundwater  quality;  and  environmental 
instrumentation.  Currently,  he  and  his  colleagues  are  studying  major  reservoirs  and  human 
exposure  pathways  of  chemical  contamination  on  the  Aberjona  Watershed.  They  have  developed 
techniques  for  in-situ  measurement  of  the  disappearance  rates  of  environmental  contaminants  in 
streams,  and  have  characterized  specific  microorganisms  within  a  microbial  community  involved 
in  biodegradation  in  order  to  determine  the  predominant  organisms  either  directly  involved  or 
indirectly  involved  in  degrading  toluene,  a  model  environmental  contaminant.  Much  ongoing 
work  focuses  on  the  transport  of  arsenic  in  the  waters  of  the  Abeijona,  sediment  processes  that 
govern  mobility  of  arsenic,  and  plant  uptake  processes  of  this  toxic  metal.  Prof.  Hemond  is  an 
author  of  Chemical  Fate  and  Transport  in  the  Environment,  a  widely  used  university  textbook. 
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Theodore  L.  Hullar 

Director,  Cornell  Center  for  the  Environment 
Cornell  University 

Dr.  Ted  Hullar  is  the  Director  of  Cornell's  Center  for  the  Environment  at  Cornell  University.  Dr. 
Hullar  is  the  former  Chancellor  of  the  University  of  California  at  Riverside  and  at  Davis  and  is  a 
Professor  Emeritus  in  the  Environmental  Toxicology  Department  at  UC  Davis.  As  Director  of 
the  Center  for  the  Environment,  he  is  responsible  for  establishing  major  grants,  one  or  more  new 
undergraduate  environmental  degrees  at  Cornell,  and  new  program  initiatives  such  as  for 
watersheds,  environmental  informatics,  and  integrated  natural  and  social  science  programs. 

Other  objectives  include  assisting  and  providing  leadership  for  development  of  a  new  public 
policy  and  public  affairs  program,  multi-college  programs  for  environment,  and  new  forms  of 
state-  and  federal-Comell  relationships. 


Petros  Koutrakis 

Professor,  Environmental  Sciences 
Harvard  University 

Dr.  Petros  Koutarkis  is  a  professor  in  the  Environmental  Sciences  Department,  School  of  Public 
Health,  Harvard  University.  Dr.  Koutrakis'  research  activities  focus  on  the  development  of 
human  exposure  measurement  techniques  and  the  investigation  of  sources,  transport,  and  the  fate 
of  air  pollutants.  In  collaboration  with  his  colleagues  in  the  Environmental  Chemistry 
Laboratory,  he  has  developed  an  ambient  particle  concentrator  that  can  be  used  to  conduct 
human  and  animal  inhalation  studies.  He  has  also  developed  a  personal  ozone  monitor,  a 
continuous  fine  particle  measurement  technique  and  several  other  sampling  methods  for  a  variety 
of  gaseous  and  particulate  air  pollutants.  These  novel  techniques  have  been  used  extensively  by 
air  pollution  scientists  and  human  exposure  assessors  in  United  States  and  worldwide.  Dr. 
Koutrakis  has  conducted  a  number  of  comprehensive  air  pollution  studies  in  the  United  States, 
Canada,  Spain,  Chile,  and  Greece  that  investigate  the  extent  of  human  exposures  to  acid  and 
oxidant  air  pollutants  that  may  effect  respiratory  health.  Recent  research  interests  include  the 
development  and  evaluation  of  new  technologies  that  can  be  used  to  characterize  human 
exposure  to  and  health  effects  of  air  pollutants  such  as  particle  filters  and  diffusion  denuders.  Dr. 
Koutrakis  is  Technical  Editor-in-Chief  for  the  Journal  of  the  Air  &  Waste  Management 
Association. 
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William  H.  Schlesinger 

Professor  of  Botany  and  Geology 
Duke  University 

Dr.  William  H.  Schlesinger  is  James  B.  Duke  Professor  in  the  Department  of  Botany  at  Duke 
University,  where  he  holds  a  joint  appointment  in  the  Division  of  Earth  and  Ocean  Sciences  of 
the  Nicholas  School  of  the  Environment.  Completing  his  A.B.  at  Dartmouth  (1972),  and  Ph.D.  at 
Cornell  (1976),  he  joined  the  faculty  at  Duke  in  1980.  He  is  the  author  or  coauthor  of  over  125 
scientific  papers  and  the  widely-adopted  textbook  Biogeochemistry:  An  analysis  of  global 
change  (Academic  Press,  2nd  ed.  1997).  He  was  elected  a  member  of  the  American  Academy  of 
Arts  and  Sciences  in  1995. 

Currently,  Dr.  Schlesinger  focuses  his  research  on  the  role  of  soils  in  the  global  carbon  cycle.  He 
has  worked  extensively  in  desert  ecosystems  and  their  response  to  global  change-often  leading  to 
the  degradation  of  soils  and  regional  desertification.  Currently,  he  serves  as  Principal 
Investigator  for  the  NSF-sponsored  program  of  Long  Term  Ecological  Research  (LTER)  at  the 
Jornada  Basin  in  southern  New  Mexico,  where  he  examines  changes  in  soil  chemistry  and  soil 
erosion  that  accompany  the  desertification  of  semiarid  grasslands.  Past  work  includes  studies  of 
the  formation  of  caliche  in  soils  of  the  Mojave  desert  of  California,  the  contribution  of  wind 
erosion  to  the  chemistry  of  rainfall  in  the  southwestern  U.S.,  and  studies  that  link  the  distribution 
of  overland  flow  to  the  distribution  and  abundance  of  desert  shrubs. 


Richard  E.  Sobonya 
Professor  of  Pathology 
University  of  Arizona 

Dr.  Richard  Sobonya  is  the  Director  of  the  Residency  Program  and  the  Division  Chief  of 
Anatomic  Pathology  at  the  University  of  Arizona  College  of  Medicine.  Following  a  fellowship  in 
pulmonary  pathology.  Dr.  Sobonya  spent  two  years  at  the  Armed  Forces  Institute  of  Pathology  in 
the  Pulmonary-Mediastinal  Branch.  He  then  joined  the  faculty  at  Kansas  University  Medical 
Center.  He  became  a  faculty  member  at  the  University  of  Arizona  College  of  Medicine  in  1 977, 
and  was  a  participating  investigator  in  a  multidisciplinary  NIH  grant  on  the  epidemiology  of 
obstructive  lung  diseases  for  15  years.  His  special  interests,  besides  lung  pathology,  include 
directing  the  Autopsy  Service  and  participating  in  electron  microscopy,  muscle  pathology,  and 
cardiac  pathology.  Publications  include  over  80  original  articles  and  chapters  in  several  texts  on 
pulmonary  pathology.  He  is  a  Fellow  of  the  American  College  of  Chest  Physicians  and  the 
College  of  American  Pathologists. 
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John  M.  Teal 

Professor  Emeritus 

Woods  Hole  Oceanographic  Institution 

Dr.  John  Teal  is  a  Professor  Emeritus  at  the  Woods  Hole  Oceanographic  Institute  and  Director  of 
Teal,  Ltd.  Environmental  Consultants.  His  research  over  the  years  has  focused  in  the  following 
areas:  wetland  and  coastal  ecology,  especially  salt  and  brackish  marsh  ecosystem  structure  and 
function;  fish  nursery  value,  nutrient  cycling,  hydrology,  productivity,  eutrophication,  marsh 
restoration,  pollution  effects  and  environmental  risk;  groundwater  influences  on  water  bodies, 
groundwater  contamination  with  nutrients;  wastewater  treatment  by  natural  and  artificial 
wetlands;  petroleum  pollution  and  hydrocarbon  biogeochemistry;  coastal  marine  ecology 
including  dune  and  beach  ecology;  and  aquaculture  and  fisheries.  Dr.  Teal  is  the  author  of  more 
than  140  peer-reviewed  scientific  papers,  ten  articles  in  popular  publications,  four  encyclopedia 
articles,  six  children's  articles  on  oceanography,  and  four  trade  books.  Dr  Teal  is  a  member  of 
several  editorial  boards,  scientific  panels,  and  scientific  advisory  boards. 


John  G.  Watson 

Research  Professor 
Desert  Research  Institute 

Dr.  Watson  is  a  Research  Professor  at  the  Desert  Research  Institute  of  the  University  and 
Community  College  System  of  Nevada.  His  research  includes  the  development  and  evaluation 
of  measurement  processes,  receptor  models,  and  the  effects  of  measurement  uncertainty  on 
model  results.  Major  projects  that  Dr.  Watson  has  participated  in  include  the  development  of 
receptor  modeling  and  data  analysis  software  and  its  integration  with  source  and  receptor 
databases.  Dr.  Watson  is  principal  investigator  for  the  California  Regional  PM10/PM2.5  Air 
Quality  Study,  the  Mexico  City  Particulate  Study,  the  Southern  Nevada  Air  Quality  Study,  and 
the  Fresno  PM2.5  Supersite.  Dr.  Watson  was  previously  principal  investigator,  or  a  major 
participant  in  the  Project  MOHAVE  study  of  regional  contribution  to  haze  in  the  Grand  Canyon, 
the  Mt.  Zirkel  Visibility  Study  to  determine  haze  contributions  in  the  Mt.  Zirkel  Wilderness  in 
northern  Colorado,  and  the  Northern  Front  Range  Air  Quality  Study  to  determine  contributions 
to  PM2.5  near  Denver,  CO.  Dr.  Watson  has  more  than  twenty  years  of  experience  in  the  study  of 
suspended  particles  and  is  the  author  or  co-author  of  more  than  100  peer-reviewed  publications 
and  more  than  150  technical  reports. 
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Tlji:>  report  ri*s|>:,>t!cJs  lu  vour  iec|ue;‘i}  regardly^  Ihe  use  ufcluitTby  itie 
f)epHi  liTinnl  of  nofenso  (DOT);  mill  llir  erft'ciH  of  (.rfialf  CJiaff  is  (;oDijK>srd 
of  aliniuinioM'uaicrd  silica  j]h\ss  filiors  dial  omi  In’  sprisid  by  ahcrT^fl)  In 

ships  at  sea.  nrid  vehlck'S  on  tlic^qrcuMid  help  tlieinevade  ciioii;?y 
radar.  You  expresscr!  concern  abodt  mu^  coininued  me  of  elu^iTlbr 
cieciides  vvuhout;  isnOlticnt  knawkeigr  of  ii;i  long  term  eflbcLs  oo  die 
environ! nr I't.  As  agreed  vvidiyearr  office>  diis  rei>D.rt  addresses  {!)  die 
extent  tnul  1ncatioiTsorf:had  ose  (2)  its  reportec!  known  and  poi.enilal 
ell  rets,  ami  ^i)  tlm  iriiliat  Ives  being  taken  or  eoniSldervil  iD^^ddressebaiTs 
iininii'ftrlnd  effects. 


Background 


Chaff  works  like  a  docDS  by  presenting  a  false  uugei  lo  enenw  rarlar 
systems.  It  lias  luri’n  used  by  the  niilhary  forniore  Oian  50  years.  \i  was 
MSi^d  dirriug  World  War  U  and  more  recent. ly  t.!u lirip,  0[>era(ln:n  Desrii 
Storm  Ciialf  is  ako  used  in  du*  |•i^:.w‘eUnTl'•  irainine  ami  tesUog  of  w'eajions 
Chaff  may  be*  dispes'sed  m  tniiidles  weighing  IVoiri  rt  lew  oauees  to 
24  pounds  or  b  om  f  olk  in  a  coutinuous  sirt-ism  uf  ovei  30  puimds  pot 
.minuted 

DOii  updated  eoatiols  over  tlH‘  use  ofrlTairin  ats  Oeiokee  1997  hiierjrn  draft 
of  serbon  32 1 2.02  of  die  Cihairmau  of  tlio  Jcdnl.  Cliiek  of  StalT  luannnl.  The 
manual  sta.s  the  proredures  lor  t  -nnr. rolling  flic  type.s  of  rhaff  w  he  used,, 
the  areas  vvfiere  it  cent  be  used,  ami  alihudes  a!  which  it  ca.ri  be  released. 
Each  rnflltory  fucihiy  has  the  amhofity  to  set  local  proeedur^:‘S  d>at  gt^vern 
the  nsr  of  c'JihIT  al  rrHining  ranj?f‘.c  and  oi  lir;r  Incations  urmr  llin  faedity. 

Cm'scern  abont  tin-  I'iiurauial  ellV'Cis  nlVIudreoniiimes  to  be  an  ksuemKl 
lias  been  expressed  rrrahdy  by  cid/cnis  and  variuus  puhllt  inlerest  gi  c>!if)s. 
In  addition,  some  mo  tesearrh  on  llie  ell  nets  of  chaff  lias  expresseil 
concaniTs  and  rerotumcedtHi  further  research.  Most  of  the  puldic  concerns 
center  around  Ik  ellertson  fiurmn  health  and  ihecnviromneju,  including 


A  i  tii'  iiUj'  KX(r;v{  .rr(  Ht  rlf.r’t  l.^.-’t  ih  i  i  NfjUh  .is  p.v.^k-  (invev  CL>.|r  jviils 

UnrUsl  iC  ii.W*  iUriiOuviUt  Sluo  fK  ’ii.'!!  )'ni  irsp^’fSO.U.A  f!  Cite*  :’ ar  at  tf;u.rs 
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tlu"  potcntk)!  lor  rlraJVpfirticIrs  in  bn  mlink'd  or  iri^ostcd  clnilTti 
efl’ects  on  bncb  wnKM'..  and  aiiirnafs. 


Cliaff  ib  t^sr>:l  worldwide  In  {-onjunrUnn  \vilh  rtnlilary  Irainbiip  (iesdng,  arid 
cnhcf  a!vslf,itr’d  luj-s'^aonr-i.,  In  Hseal  yenr  HR*?,  llfO  Air  Forne  reporlod  nshtg 
about  1,S  nnlilori  bundles  worldwide,  K'avy  and  Mailne  Corps  aucraft  used 
iiiDce  tJian  3510)1)  bundles  and  :)9;<  rolls,  grid  Kinvy  cainhai  ships  used 
al.iout  KfOno  largo  bundles:  non  ixi-onh  hidircUe  thai.  flsf'al>n>ar  Ih98 
iirveTUnries  includo  uinre  than  3?  inlllion:  bundles  and  more  than  NFDO^) 
rolls  cif  <  le:dr.  Tie  .Air  f*ojeo  bolls  al  iout  77  ixroeet  of  tJie  liui^dles.  while 
the  Mtyv  and  Ihe  Murine  CtUjrs  litdd  cili  the  mils,  lite  Army  luis  sojiie 
inissiun  needs  btu  jjossisses  aiirl  u.s^.^s  Ihde  ehnlT  irs  |K.*i'K.:eiinU‘  lrainyi|^  tsr 
test  hie. 

While  Dou  cornpouinils  I'epori  lluu  dicUT  is  uo  e:!Ttuut.vi>  meuns  of  defense 
for  ain'rafi,  shlj:^s.  anil  rrinted  wi'apOii  sySterns.  non  aiHlnlher  agrin'ies 
iiHve  idr;rMd1f!’jl  some  urUoter^Jb'il  an<l  |nsn?PUial  side  uflertH  of  dmlT,  CfialT 
can  affect  sateiN  Irv  irMeii'eriug  with  air  trafik:.;  coniml  radar.  Cbalfcan  also 
atl'en  vmaduu  radaj  rjbservations  and  ihc*  D[)erai'ioa,of  frict^dly  rada,r 
svsierns.  psjneaailv  vrbei?  veddedes  Mir  np  eli^slf  ifiat  has  srUtlcff  ori  the 
gnjiifa)  ft  lids  l)(‘en  report c'cl  that  r.haff  has  also  mused  power  outages  s^rid 
clatoaged  ele<'tf:tv:al  erjuipniejif  rotondal  effects  cited  by  Deb'useand  orlicf 
orpatii/atinais  Include  those  uii  heallh  and  the  er^vh  onrm’iu.  Fur  exatuple. 
iIk‘  Ah  Forc<‘  mpoi  tctl  that  cluiff  ha.s  a  potential  ttui  reinoie  ebaoee  of 
collerting  in  reservoirs  and  causing  cheniical  changes  ihvat  ntay  affecl 
water  atid  die  species  tfiat  use  it. 


TliC’  sfnx'ices  tinvn  a  mnnher  ijf  nngiiiiig  hiidadves  k>uddn  ss  corsrnnrs 
dhnut  !he  iininl*:uul(xi  dM:l  jHitcniial  t'ltecis  of  rhatf.  For  i'xa:in[)!ts  ixtn  has 
entered  into  or  is  negotiating  agreements  with  other  federal  a;geneh:'S  to 
address  Issues  relaled  ic  cunurjiM  chd  air  sideiv.  vveatJter  forecasting, . and 
ern  ircnnneiUal  impart.s  rni  public  lauds.  Also,  the  Kxvy  lias  started  it 
prograrc.  to  -rjevelop  degradable  chaff  dial  ixesriniated  to  cost  aboui 
'40  percent  more  tluen  the  current  f'lialT  VMhle  hdended  as  beneficial,  tlie 
Navy  lias  nor  ycr  clelhuH!  rite  0|>erarlonal  ami  enviroitmt'nial  benefns  tfiat 
could  restiU  kom  iJds  j^togiunL 

Norwhbstaiiding  notfs  ardons.  some  concerns  eantlmie  la  be  raised  by  the 
|ml>I.R:  and  (edeial  agiuicles  about  the  puimiilaliy  harmful  or  undesirable 
effects  of  cliaff  ort  rhe  cnviitinincni.  Also,  sortie  of  iw/s  $|mlies  ciie 
addiiloiial  area.s  where  <ji3esdr>ns  basx'  fa'i-'n  rHlsei.i  abi;<ut  tlie  mhnler^ded 
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B'xteiii  and  Location 
of  Chaff  Use 


ciTrcis  of  rh^^fT.  imt  syfitcinatlraliy  i'ollovvf:tl  up  on  those  £|ue.stit:ins 

ctr  mil  ilw  reMninuMKlatJons  in  these  wjmns  to  deterntino  whether  they 
merit  additiotiBl  tevkwv,  !...asny.  DODforitiiuiesto  frtaiij  lead  ba^^ed  clualf  in 
il.s  invenknv  uvt'n  diituph  ifiis  ty|i<‘  ulcintfr  has  udi  been  iimiiiiibmttinH! 
sini;e  HhS7  atid  is  n;jH.)r|cdiy  no  Imsger  irt  use. 


file  first  ['ecDi'ded  largc  serde  use  of  cliaff  try  Aiuericrui  forces  in  coiiibat 
was  on  DtNiMuber  2(1  19I3  in  on  ah  rafd  by  8th  Air  Force  botTihcns  over 
Brcrncm  CtTmany  Today;  iht*  scr\'!res  use  cliaff  on  cooibal  ranges  fiiula'l 
odior'  lfioafir>ie;  worldwide  fr<i  't-rnnir’  uah'sbu^  and  cesOrig, 

Aluiniinim,  becimst*  of  ils  ehictilcal  ctHKltiirdvily?  low  cost,  low  vv^*!ghl  ^ 
arid  durabtlirv,  has  l>een  a  consistent  ingredte.iit  hi.  chaff.  In  ilie  l$'i8Cis<  the 
cost  of  chair  was  fuitlior  foditced  i.)yjepl  Being  solkl  aUimiui.innvlt]i 
ha^^dlkv^  sllrCa glass  fillers  with  a  tlilri  aluttHriiiiiVCOathig.  Chaff ‘.vas  Once 
|u  nduced  usiri|?  lead.,  ami  ihe  Air  Fv)n:e  still  has  stMcitM  haff  containicsg  hiai:^ 
■hk  its  hivein:>ry.  Art:oniiog  in  ilte  t na nil IVk  i  lire i;  rhah'coniaiinng  leiid  was 
las?  uianuhictuied  h;  The  piopoftian  of  lead  in  cliafl  dropped  from 
ahoiil  \2  uuncojj  {7.3  petrenr)  per  pctmd  in  the  195bs  (o  0..16  ounces 
(}  percetu)  i>y  l!h^7. 

Ilif  Alf^  Torre,  tite  %'avy.  and  die  MatUie  Corps  ats:'  riic?  Jeatiing  UsStirs  of 
ch^rdT  Air  Fm  ce  records  Indleaie  tl^ey  use:!  nearly  2  mtlUou  6'  io  T-caince 
l'm!Lt1](‘S  wortdwich’  in  fiscal  year  19%  ami  LB  rnlllUni  luirulles  ir^ 
fiscal  year  11197.  Na\y  and  Marine  Corps  alrcrah  together  e^rpended  more 
than  3h}.(lD0  and  354,000  similarly  shchI  liuiulies  in  fiscal  years  1006  and 
1007.  res|irctivelv.  Tf^ey  also  reported  using  L58  rolls  In  fiscal  year  1900 
and  SOB  rolls  in  fisKS-il  yenr  1097.  The  Army  toiTreutly  isses  very  Id  llodiafr 
luif  lias  tlu-  (:Hp>Ht5iliiy  tn  used  from  some  of  hs  helicopters.  Tlii!  Arniy 
irscd  a  to  tal  of  only  7.700  l.n,iridles  of  chalT  Iracu  fiscal  year  1001  io  1997. 
.Army  oilKdals  rcjxnled  duy  j^lan  to  increase  Iraijiiiig  withchalTand  arc 
de\idojHng  rliaff  and  dispensing  etpilpmerU  to  he  used  on  .brmlbascd 
vehicles,  (See  app-  I  for  the  various  types  of  chaff  umu  and  apjh  II  for  riala 
on  repcirfed  chaff  ■i}‘’e  hysen  tce  anal  l>y  selerted  iocutlam) 


M  •.‘ir.-Uui.  r.v{»>  ::r<r’  ift'-kHiliS  sinil  W  {'h  =?•.» 

tTcsdp  r:d;i"  c'j  5ru- 

jiHv  oijt' t.,  S  r siiidi!’  I'Cjiii.rx  tlir.vr%('r..N^{ 

Hhiruf  u  inn  '  {X'tfonrS  arxl  Uf  t  LSi!  fi  rNsifV » ,tU'!  jiih-  le  (U'HJ.  dOU  'ivsili 

v.>!^  'ii>l  efuilsioxt  in  H'SM. 
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lih?  sr.iVK.c:i  nsr  on  training  ranges  nrouncl  the  warld  The  Atr  l'oix:e 
uses  librAn  ?A'i  in  ilie  Uriiti-d  Slau^s  and  off  its  comt:  the  Nnvv  and 
the  Marine  torps  use  H  ranges.  The  Mr  horce  uses  14  ranges  hi  I  AIrleau 
and  7  hurr)^.<r:-nu(  run  tries  HUd  2  ranges  itiKnrea,  v, drill'  the  Navy  and  (lie 
iMariue  Ci:<r)is  li^vr^  1  i-Hiige  tn  flnly.  Asxnidir^g^  tn  Arnij  officials,  llte  Ariay 
<lf'>es  net  use  chafton  any  of  i)s  nu/iges,  hut  the  atlier  se,rviees  drr.  h'ur 
exatnide,  tf^*  Air  Force  uses  ehah  at  White  Sands  Missile  Range..  aiKi  t.he 
Navy  uses  l.)u.gvviiA<  Proving  Gro-unds  for  Navy  slilp  chaH'riccepiajice 
tOvSthtg.  N'civy  ships  traif't  vvith  chaff  In  mosl  ciftfie  worfds  inlernationM-i! 
waters.  Navy  orhcials  stated  that  naval  shlji.s  iHufcrni  chaff  tescs  arui 
evahcitiou.s  at  two  langes  off  ihv  U.S,  cast  and  west  coasts,  lugitrc  I  slmws 
the  slates  and  olTshaae  loriitiunsiiear  ilie  United  Srat<‘s  vvdiere  elialTis 
usetl 
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l  iif:  rnotliods  imcd  to  rhoff  tn’olvod  over  the  yonrs,  I’roir* 

siu'ijly  ro^j.siiig  it  oti!  of  air f>kijie  windows  (€«  launching  It  wirJt 
spring-loaded  or  pneinnanc:  luarhiues.  C-urreniiy.  ihv  services  use 
liyituet hriiir. cfmrgcv,  nickels,  ujnrlars.  uir  :n(c,vs,  Df  liUMurS  lOllkpcrsu 
MatwainTafl  cniiikty  pyroicf'hiiic  rhar|p!s  ihatcjcc?  chaff  in  hiirsfs 
hofo  stTinlf  bnndtcH  Widgihng  nbnnr  (I  ounces,  wliilp  others  t.sse  air  n<ovs  to 
disperse  e|rc:tc<I  dudT  tiiu  Navy  uses  suiaJI  rockets  to  Imtiich  airborne 
cl'iargcs  rotKiiining  S.h  paunds  ofciiaff  and  shipbonie  charges  containing 
HkH  pnuiiflsord^an'.  Navy  .ships  can  alsolciiit'cli  ntortardike  charges  of 
chaff  v/eiglrhig  betweeit  1.6  and  24  |.K.>i.inds,  Manors  fetM:!  cliafr  froti?  rolls  of 
al'jOMt  'iCi  |U>uf)f1s  fhroijglt  cuirrus'^  cufrlixl  on  .some  ulrcrafl  to  produce 
(‘Idler  bursls  or  a  eontiumnjs  stream. 

Dip  continuous  stream  rechriiriue,  calk'd  saturntlon  rhalT.  maybe  used  by 
aircraft  to  cover  n  Jurgt"  area.  By  2(l(?u  or  ^t)i)[i.  tlie  Atiuyalso  plans  to  use 
saunatJot^  eharrtu  musk  vehicle  uud  ipjop  siiavcn'fcnis.  lisiiig  a  culler. 

3Gfl  iKnintlsofcliafl  froni  nhu*  4lfp(Uind  rolls  can  In*  dcploycfl  hi  U) 
luimitr.s.  Dejjiuuhrig  OH  die  iiieibod  the  iH.nii1mr  <ji  airc.rab,  .sur.li 
releases  could  dlsjxsse  ijulions  of  nlvi-ts.  llie  B  52  can  carry  about  70d 
scver‘1  ounce  hoAcs  of  chaJl;  cacli  box  contalus  itpto  1 1  niiliion  Hbers  tlim 
CHU  hr  espcilefi coniinuously  nr  in  hursts^ 

Mosi  cf^afrbuiidle.s  coiuain  rnillloiifS  of  fibers.  For  csautplp,  the  chalT 
used  most  l:y  the  Alt  ]*’otct‘  (RR-188)  mul  die  Navy 
(RF^  i'U)  mniaiu  inure  biari  5  iiiclion  hiilivuluul  niiprscarh,  arid  the 
Navy’s  2.uftl  racket  warlcsnl  (RiMli2)  i:r:<nlains  more  tlian  11)0  uii.iliun 
fiber  s . 


Question.s  Continue  to 
Be  Raised  Concerning 
Known  and  Potential 
Effects  of  Chaff 


Snidir.s  Hthhessing  dii'  (dlecis  of  rliun  ci|i"  a  nnniher  of  knrnvn  and 
jxxeniialpflpns.  hufllK'fitto.re.  our  d isenss lea with  olTlclals  IVrun  UOD, 
other  h'dertji  tigencips.  atid  Hip  j^i  lviiip  seetui  liidicatc*  that  dipw  arc 
addilioiJMl  (^ursbons  aliout  the  pfhxUs  of  chaff.  Arnorsg  lliesr  are  tlip  krnnvu 
elfpcts  of  cliafTnu  vsriaus  lyfx's  nf  radar  and  'its  potprulal  cFfects  an  bef^lih 
and  die  e‘riviran*rienc 


Air  Force  1997  Roport 
SoTTiniarlzes  Past  Chaff 
Resciarcli 


Tail  smthe-'v  (spp  app.  lb)  on  tin*  effer  ts  ofehaffhavp  lieen earned  nut  ever 
the  pus!  45  years  oti  requiwi  hv  tlie  Anny.  Navy.  Air  lAircfc  National  Gu<u:d 
Bureau,  and  C'iiuadian  VtAK  V^  flpcnlquartprs,"'  An  August  1907  repari  hn 

S'',  t  !( u  x  n  •  fse??  n .  <  in  n  rov  t{  >  s  1  onr'  n  fw^  s'!! iK  ( >1 .  h.tU  n « i  ?ir  ilV'Sli  »■  if  k’C^l? h 

'AsiV’uehUds  Vsjs  i1)i:  j.iffvieyt  t.'.S.  iniHSuy  vo;  i  lioM*  U.Ue*  lode  i!  iiUnsj  M'viov  b't its 

fCsiif !  is -hn:>!  ciP.'iU :» oi<niv^ P Ptr  oi'e't  >iT.i;tM-.s  ue 
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ScvfeTy 


Aii-Qu.' 


the  li.S.  Airi'DiTC  Air  Co£3il>Rt  (.-orjiuiEnul  iJic  most  rrcnjit  and 
com|)rdic'nsivv:-  revic-vvofdiefiTcctsof  clmff<  Tite  report  litchifk'Si  original 
study  ns  vveil  as  reviews  of  most  of  previous  reporrs.  It  riled  the 
foikr,vifig  tlvM  cars  bn  alToruol  ir<y  ilir  issn  of  fhalT:  s>r#{:ly.  air 

quality,  physlral  rosaurrrs  fsuii  ^-uid  v.yler).  rrsDurces.  laiul 

ijtnd  OMluiral  rosourrars.  Most  br^owo  cb^slf  oOVets  ihll  hilo  ilio  safory 
category,  while  poiejitiai  effects  fall  lulo  lliie  oilier  categories.  Hie 
kilkvvvhigsecliorissuiuo'iaiiy.e  the  known  and  poteniial  effects  descjlfiet:!  in 
tlir"  Air  Force:^  rcpnrt 

The  f  eport  ootctl  thai  rhaiT  is  erfective  a!  coofushtg  r'Oeiny  f  It. 
also  iolei’feir's  with  air  lialFie  t^oi^iirol  rndjic  I'he  rejairi  said  thiit  cliatfliad 
hiicrh'i rd  at  lisisi  Ivvice  wills  Federal  Avia! lun  Ad luittisti  at ioii  l) Vt.y)  riuhir 
but  added  dial  such  events  could  be  eflbclivelv  avoided  or  nutnagtnl, 
Acroiriing  lo  tlw  ;rei>ort .  safely  risks  fi'nni  tlic  use  of  chaff  are  exirenKdy 
low  arni  lm|.UK'ts  on  ajn'rews.  nircraft.  ur  lln/  public  arc  not  antic  (paled. 
I'<jrr.xani]dn.  I  he  rcjiort  rcinc^i  tl;»  no  liKdderils  of  chaOlTilKnibi  ing  vdlli 
safclliie  irMcking;  {2)  two  recorded  Inddenis  ofinrhony  bginei' aiscrafi 
inlerferiug  wifli  cAA  radar,  hut  details  were  iiiiavallable;  (3)  .no 
clocyuKnualli>n  ihai  (diaff  bad  caused  aircjah  .radar  sysseies  to  Ibisely 
identily  imarhy  rrafFc:  (>1J  rtoevrdenre  nfan  aircnift  engine  bailing  idVer 
liigesling  chaff:  Btid  (5)  no  reported  cidideiitsin  vvfiirli  pilots  cvere 
rlistracied  liv  chaff 

Hh*  report  suites  flan;  tlie  prliuary  s;:dc‘£v  concern  ts  rUo  poiembd  for 
interiere.nce with  faas air  trallic con!n>l ratlar but noies dial. DOO end .lAA 
liave  agreed  to  leslrict  loccitJons.  akitiidesS,  and  titms  at  which  cliaff  can  be 
used..  The  repor  i  states  thai  a  mnver  yvp<‘  of  elKtff  ihnr  does  noi  iriterrerc 
whh  I  A\  radar  is  readily  available. 

dity  Air  qualiiy  is.sues  addressed  In  the  report  include  die  poteuilal  for 

(I)  iioncoriigliaiict-*  wjtli  naiional  au'  quality  siainlards  due  t.a  llio  release  of 
signific  ant  (|uaiUili<’.s  of  [^arlkulau^s,  (2)  release  of  lia;/ardnus  air  pellulant: 
ennssious-  t^nd  Tb  vlsifiililv  Irapalrinnuh  The  reponi  rakes  inoi 
c(.vusk}eratiori  the  Clean  Air  AcCand  its  arneiirlmeiUA  and  hicbicles  n 
liiet  aiurif  review  of  ehtin'disgersion  iind  air  qualiry  erhrc:^s  as  widl  as  its 
covri  Apa'il  lh9f  leelmiefii  fepart  oncliaif  pariieLdaie  lusting. 

lire  repDft.'s  .lUeraiure  review  sitewsthai  nooo  of  the  previous  sliHlles  had 
add:iessei:l  die  passible  formal ionotTHhaiuble  parilcuiatesor  issues 
n’hif  ed  hi  erHrijdiann-  wiifi  die  Clean  Air  Ac't.  Hut  die  rejani  bnlicaies 

0 1: :  £'}>  <??■  ’■‘•M  Acf  lift-  .sS.’.jiis  n:'^'’  .A';C‘'V:  V  nxiUut'.’l.ar  i5.vol>iy-?>r-5:<Kl;>sa^ 
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Sol]  and  Water 


B 1 0 1  1  Ri  ^sfj  II  r  f.:l  \S 


jioirir  inrnirii'itrnctcr'i  in  die  rrporird  ^uze,  ufic,  and  nirimifacinrr  af  cdiafT. 
Tin:?  ('e[>s:5n  tiled  a  parliruiate  H^5>\:  showing  il^fj?  poleulial  eflVcis  would  noi 
exceed  air  qualiiv  siatidards,  oven  thougfi  explosive  cffai'ges  ou  Impulse 
Cfii  lildgie^  limy  nvsull  in  iidtiinuil  releases  of  parlHailcHUS,  Tlu>  reporl  Says 
llrsl,  (iirlher  study  niav  rumded  on  ibe  p'OUmiial  for  sliort  lerrii  visilnUiy 
iiripairmeot  near  OTm:du[^  ureas  whore  lirifrge  i:|ur(urii  ies  of  rhidtare  useri, 
However,  h  says  ihut  cJtalf  dispersed  over  a  wide  area  and  setded  C|tncldy 
in  paniruhite  testing,  fls  cot'rlusion^i  rissutne  chair  eotJtaU^Ing  lead  is  no 
lortet'r  being  tssecl.  Arcordingio  .n*::o>,  diere  Imvv  bfun  ud  repons  of 
shia-ramn  visibiUryintpairiTrotscai^srst  by  cbuff 

Tin:*  repuni  says  that  tise  t  fiendea!  or  [^In/sieal  efieets  ofrijalT  an  soil  and 
waiei  would  ht?  very  litnih^d  iKaauisc*  ehnlf  falls  or;ily  hi  suiull  cj^undilies  hi 
anyofie  lotatior!.  It  cites  potential  elTecis  on  vviltKife  tliroiigh  ingesiloii:, 
jjtlialailon,  orskiit  contact:  on  si:^er[es,..  bai>nal  condltloos,  and  aesthelics 
tlirougfj  Mdlliog  in  i1k»  wsit(n ,  and  on  water  (|uaIUy  Tite  repCHi.  iiieledesa 
liierainre  review,  a  l-dioraKa-y  analysis,  aiuf  fiekl  ?»ludiets  at  P.vo  lotndions 
where  thalT  is  Rcijuunily  tis(  <f  One  bK  Htioii  is  <^rlrl  4h?.ser5  Range 

Complex.  Nevada)  and  rite  olher  Imiulil  s\4>od:ands  Onwjisend  Air  lo 
CiDund  (hniuery  Range,  €eot‘glaj. 

The  report  ttotes  that  the  ilterutiire  addressing  the  efTects  of  chatT nu  water 
quality  ami  aciuatk:.  Viabftats  K  liudied  and  tliat  tliief  f:'  ItM  been  no 
syslen^atU'  ^inaivsis  of  c  hnitileal  c]u:iuge?>  ht  soiLs  ex|)ostHi  to  varlcnis 
conret'sirniious  uf  chaff  ii  du  s  a  1077  Navy  rrpuu  ^fiai  IVuiik!  no  hictease 
In  ^iumint.ini  or  trace  metals  from  chaff  pifaced  In  water.  The  Ai;r  Force 
repon  notes  that  chalTspoteutki  to  adversely  nflect  the  enviroonierd 
depends  on  the  dcjnedied  in  n  porlh/ninr  4ii  ca.  the  libers'  slnbiliiy. 

the  spcidfit':  cniidilions  nf  the  soil  and  vvaliT,  anc)  tfie  xensilHity  of  the 
en\ir(Hnnmn  Jo  rontainhnuus.  fi  stafcrs  ihal  tine  fikelilmod  qf  i  hafT  tailing 
liitn  a  ptii'dcuinr  potui.  sirecini.  or  es!us:n’v  In  siiITicieiir,  qiiautiry  lo 
measurably  aJTect  the  watei  s  chejidcal  ruakeuj:*  ss  l  entote. 

The  rcpnri  arldrcssc^s  the  |)0linitiHl  bkdopical  n|Te<is  of  rfsaff  on  wflrilife 
due  io  tolialarlDn.  Ingestion,  and  direct  contact  as  well  as  the  eflects  of 
cluilT  on  vegemdoii  and  nquadc  hie  ofcliaff  (k'eanii:)nsiitg  In  sod  or  water. 
Ihe  Air  Force  Ct  piorfed  no  advcj'se  ini|>ncts  IVnrrt  clinil  and  Sctul  tl^ai  cl^ciff 
is  iwiU'ially  rn:mh:i\ir\  HiAven-er  few  studies  id‘th<‘  idTerts  ofrhahTm 
wildlire  liBvc  been  cDoduccerf  and  die  rnporl  found  no  data  onchalFs 
dea?ni)rosiii<;'h  ptocess  under  dUTeieju  eteriruumenlal  coiididoris  (r^rkf 
alk.iNui'.  wc'i.  ackliv.i  or  insid<':  the  dij-r.stivf>' systems  of  aninuds.  The  stuiJy 
inrluiirs  a  lilerntnre  review,  held  stmlics,  and  laliOraUKy  a}m!yse:s  of  soil 
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L^iiir!  rind  Cidttiral  Resmircf’S 


tni^cn  at  Nrlliri  and  Towiisnid,  the  two  niilitnr>’  nmgE;  ni'vm 

studif'ci  'TIk‘  rcjxvrt  dies  a  Canaria  D^pailiiinol  of  Agriculaire  sliitly 
tluit  I'oiijul  no  liealtli  ha>’art1s  ro  artinial.s^.  'iTie  Air  Idjrce  stiidv  also 
Ciit'cl  a  jjrnvirHj-S  rcpm  l  cm  tlic^  <dioSfi{>Hakc:  Bay  c:roNy!>^nnntlia?  fuursif  ejo 
iinpHi'ts  oo  ilir'  six  inarirn.’  cm’anisniissludind.' 

Hty  Air  force  sfnds'fc polls  die  follo^vlnn: 

-  .Aolmals  nm  inf^alo  duiff  pa.rdclos,  but  die  part  tries  rio  rnd  f^rridratr  far 
intn  llir  rospiRitorv'  systrir?  and  ran  l.>p  easily  r,!ratri:i  rint 

•  Chaff  rhspr^NOS  OKn  a  of  lent i,  lindtiiic*  rxfiostn  r  |Xi‘a?tng 

aoiniid.',.  Liiilr  cfiaff  arcurnniarrd  an  ilie  surface’  arsiaiullitg  w^ilri:  bodli’S. 
Sinfrirt' IVoilingcH  buiiont  ferdiog  anituals  mid  TisU  tn^y  Ingest  clsalT.  l.?ui: 
diis  only  afiCcts  a  few  individiuil  ariimals  atid  has  ti  fovr  Impact  on  spedr-s 
popuiadons  except  In  the  case  of  |>fou‘ ried  specicf^. 

•  Tlic  Tiuinbors  of  chaiT particles  arc  ncgligil.>ie  brcaosn  clmlT ddporSi'S  over 
a  j/Uidari'ir  l  .nvv  roncein  raiicms  of  riiafrihrdt  ihc  Hkt'llhood  iJia? 

Idols  would  use  rdiiift  foi  lU'.sts  and.  rxpfise  die  yonng. 

«  Clwlf  d;sijaegra*os  <m  hiad,  k  decompose.  slcAdy  it^  arid  areas  aiKl  lias  no 
atkrrse  efierts  oo  soli  cliernistiy  andplanr  growtlL  Chaff  Im or R-renc'e  with 
wildlife  is  r’X[;.F‘etr‘d  Co  hr  Ticgh^dhle  liasrfl  on  rhaff  use,  rlc^rarleiisrir  s, 
and  observed  acr i irnuladDfis 

-  CfialT  (f'C'ornposhig  in  water  lias  no  ncivease  iiUjMcrs  on  v'^.  Bter  dieni.lsi  ry 
and  aqnailclikc  In  wet  areiis,.  clialf  is  covered  hy  plant  gs'i^A’lli  aod  dead 
leaves.  ChatT  dC’CoriijHjses  mure  lapsdly  hi  wet  acitlie  envloanuenis.  Ian 
wiierj  doing  so  i!  releases  only  inimiie  anioiitils  of  tdienncals. 

•  Lead  has  not  been  used  in  die  ntaoufacture  of  clialTsInre 

Land  rrsourr:e  issues  a<lilressf‘d  in  the  rrpori  ccaKerned  the  ac'cnrnuladon 
(d  chMirnnd  its  poler^lial  to  alter  ifie  imnl  s  ose  and  visaal  ipniliiy.  whil.ii 
etiLural  resource  issues  relaiecl  to  tiie  potential  for  physical  orcheiriiciil 
iittpaels  to  alter  the  aesihelk  selliog  an<l  cultur  al  cx^nlext.  The  Air  Furee 
nniewcff  appbtxddt'  laws  and  atfKn'  reh-ned  infornimion  and  produced  din 
llekl  snidies’  mrlinirai  r(ti>orf  ft:  did  not  klenfify  apy  studies  ihat  assessed 
the  impacts  of  cliaff  on  either  land  use  or  visual  ijualHy.  or  on  cuUural 
jTSOiii  cC‘S.  Nevertheless,  CKiCmdiiig.  10  the  Air  h'orTe,  whlk>  cliaff  debris 
niHv  Ix^iierceivcd  as  afuioying  oi‘  intrusi^'e.  it  ihK!srKn  accumulate  bt 
r|fj;nultk*s  likeh’lo  liave  s.iKdi  hnjjaris  The  report  stands  that,  overnll,  rhaff 


'fv-i't  uriivs’rsrui  s,  »■!!?!  :;h>.  jiOnu:  •;  r:<!.  m, is  j>5-»  uf ! Usn 

hi!f  tani  kU)  .!  th;  *,;*  i  ff.  ."rs  U:i;  s'liniric.ti'ti  rv|V!n^jl 

i i;o  -fhe. r  ». 4  i)  tfjtj  ’.'s'  .15  I'i -V;-  i‘u'>  a . <  1^.51  i’i  4(5;  il’i  vj! .(.};* ii\  vVi'S'  ‘li'a 

’'IT'j  U5;».'!S  Nfjf’sCrexeUnjH  Ijr.-  )xsf?vim.-:\s  !;rU  niisisishK  te;.*;!  fa.'UfviiHi  bt  f.SIHT. 

,W  dK:  ?tw.U  5!)  iliii  I.  ^  h;C!  Ailh  ii  +1  V.i;s  ^\\\':  kjj  ,^5  jr  I-Vki  jrrvf!;;.  (j j?  >  lliS’  id  (<(,!!  r-.^vi-'^v 
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Oilier  Known  Ciiaff  Effects 

Effects  on  Weather 


clcfbris  hofi  low  visibility  and  little'  cITrrt.  on  thr  ncsiliriic  quality  of  the 
enviroiHtiet:i,  While  riollng  that  iidle  data  extsteci.  the  study  reports  that 
cornruoo  iictutestnKiK'e  rnalertals  surh  as  f  hall  liavx*  Jiitle  potential  for 
eh'erIrcThe  AirFVjrcr  n’|K:<rl  siatfisdiHl  tlie  |sn:rririTy  iK'jU’iaicjj  is  forrhalT 
jluliris  ro  afiyr  i  the  sc'tting  Init  iHril  cuhor^il  resources  are  not 

gi'iicrally  luc  nted  hfrneafli  aiispart*  wticri*  iTiCiiisy  chnlTusc^  Is  concentrated 
and  exait^iriadoas  could  l:)e  done*  on  a  she  speeillc  basis.  It  noted  rhal  no 
resear  lit  <\xjsts  on  Native  Amerlcnn  concerns  alxiut  flic  ae’^llicnic  effects  of 
chaff  dcfinsits. 

Our  ilisc  ussiiuLS  xvUh  oIlKhals  frntn  federal  aget^elef*  and  da;*  )>rivate  serior 
In  tjugh]  out  other  ktunvss  idfecis  ijiai  iU  i*  discussed  in  ilu*  fidlovvlug  tlrree 
seclkir#K. 

Chaff  i'  ini  show  up  on  radat'as  a  false  weather  ]dicno?nen<fn  and  iivAV 
afferi  li'diUfhig  vviddii  .sroi  nis,  71>e  NHilonal  Wi'ather  Si^rv'ire  {ms)  hegari 
ii\  observe  ihe  wkiissprcKd  ami  fns:|uen?  use  ofchanin  i  he  lace  HKSfls, 
wfien  U  started  using  new  uikI  more  sensitive  wearfter  rad^r.  Radar 
obsers  i-tioiis  show  diai:  chuff  can  spread  over  several  iiarKireds  orniiies 
and  stay  in  die  air  lf'<r  up  to  a  day  A  sriendst  kirTiierly  wit  h  the  NatinriMi 
Oc^'anie  niul  Aimospheric  Adniiidsi  raiiae  (r^^tUAl,  W'hn  now  perlbrnis 
w'eather  {  «<sear<'li  at  tiife  U.niv<*tsiiy  ofOklaliOfoa.  esdiuatc^d  h:  woiiUI  have 
lakf.-n  tiuae  t  han  2tHl  billion  diarf|>iii  dcle^  to  c  reate  a  radar  pkrhj re  taken 
in  Arbona  in  l!?h)7.  ixtiKdlh:  ials  staled  rhai:  k  Is  intprobabU;  that  such  a 
Jarj^e  chaff  deploynivof  r^rcorreijou^side  ef  combat  and  isurdlkely  la 
CK'ctcr  hi  any  futyre  DOB  training  cveiits.  Figure  2  shows  a  IhOT  weather 
i  ndae  iiuage  of  chaff  ovee  Sou!  hern  Arr/ona,  xoAAafso  picivkled  pictures 
takrm  siuee  19!K^  in  many  other  [tarliS  rif  the  crnunl  ry  atsil  shinvlng  radar 
iinages  of  chaff. 
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rigurfc  2;  NWS  Radat  htia^e  Of  Chaff  Ploniesi  Ov6r  Soutli«rn  Arizona  and  SoulhwaSten^  New  Mexjeo  oti  October  8,  1997^ 
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Ac'coniiuji  r.o  noaa  officfrils  md  s<:k‘;iufeTS, fhalTcan  !j0  ensWy  IdeutifnNl 
utidoT  cleat'  skk^s.  but  it  cait  give  false  readitigs  under  other  weailier 
coiKlitiunis  and  nnii  tlius  impair  the  ahility  k>  esakc  arcrurate  la:rec:astv;. 
Ctoiff  may  he  ffnerpTeted  as  prr^rijntadnn  and  in  soine  rases  enohl  rfxt^li:  in 
litacruraie  Vivnrnjitgs  of  severe  weal  her  Chaff  coiiid  iherofore  liurrfere 
witii  missions  Dial  idy  on  acc;urate  vvearhet  ibixxasts.  C:).fLe  >iQAA  lerhiilcal 
frjKsrt  iloseribes  dtnffs  iii1eift:rC3K:e  vviili  normal  vvoathor  observatioo 
dnia  :in  ai  If-asr  tvvn  sjinry*  siiooio  h^ujicb 


v.iJh  VV'>H  HK;r  'JjpiK 

Vii  ftOii'.  r*M  up.  ,t  .'tiyvjif  rvy»u/i  erdy  r  hutj 
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r\oA*\  5f;lcis?L'>t.s  arc  aha  c.oiiCirrnefl  tliat  t:haf!f  rimy  raufitt  inarc oratn 
wei^Oior  data  m  be  arx  hived  fhr  long  lernicihnatc  I'esrarch  studies. 
Meteorologists  can  ysuafly  correctly  itleiiiifv  cliall  on  radar.  bu\.  auioni,i’?f'd 
svsieiiis  Critoiut  tiov>,  {fisdr^giiistj  doin' frosn  lainfall.  Tlu>  aiiiCHrifjiod 
sysleiivs  record  chaff  HS  }in‘ci|}ilai  itJU  and  thv.  aninnnt  Hff  rain 

ftrchivi'd  Uk  the  duraL»asc:  Nescnrchvirs  rivsw  therotcrr  iy>t  iin^rciirnre  rrsulrs 
from  Ihdr  studios, 

KOVi  snei.nisls  arc  alsti  N>  detoriTiino  whclber  crhaff  jia|.vprcsso,s 
ligbtrtinp  herauso  this  may  ahcj  nmko  I?  nion;'  difficult  m  assess  the 
weathor  Large  stor  tns  will  usua.11y  produce  rre<;|uefu  Uglmilng 

sirikos  ro  the  giouritL  and  ihete  is  a  direct  corrolaUon  Ijolweeri  (he  soveilty 
of  a  siartii  at  id  die  nuirdiOr  ul  sudi  sirikos.  I  lusvitvcr.  It  lias  l)eitn  abs<!i  Vi.Hl 
tlial  sortie  large  storms  inside  chrdt  clouds  had  little  or  no  lightning.  If 
chaff  mkicos  lightning,  k  coM  cause  foix^rasters  to  tinderestlrtiatc  the 
severli.)  of  stijimis.  NOAA  -sderuists  and  a  University  of  Qklalioiua  weallu'r 
reNearrlier  .said  they  ui.MtId  liki?  tn  further  si  irtly  ihe  effecK  of  <  haffiai 
duijidiustornLs  if  they  could  ohiain  hunljuip  odd  nffk.dals  staoKl  that  the 
US,  iharest  Service  has  ysed  ctudt  Ich  a  ninnbei*  of' years  to  suppress 
ligl'itnlug  aot!  prcAcjn  i'oresr  tires,  ancl  issued:  un  environ inenUh! 
impart  sr.^hmuMil  nn  lighlrnug  soppressinn  in  Or.ln1a»r  1>n’> Indun'CH 
the  fimkrigsof  lids  prqjecl  simnhl  be  r-eviewed  to  ihnernuMe  the  :nccd  fur 
ai'klltioual  ac?dtvsts  of  this  reettgni^ed  phencMrienciu  pfiot  o;>  e:s|anHl!Dg 
additional  l\iri<ls. 


LVierKlIy  1‘orces  Radar  Sysluiiis  lust  as  It  can  confuse  enemy  niKl  faa  rarfar  and  produc e  false  procip] radon 

echos  OD  svvei  radar,  chaff  can  also  alTeci  odier  frIeiKlIy  radar  sysCeius  and 
rlit.is  hiutter  miHiaryalr  icaffic  ciirir. rollers Aam:l  meteu.rifh>g(.s!s'  supprirt,  for 
mi^slnns  riu:!  operadc>ns  tl  ran  ^dsu  alTccf  fneTidiy  warning  Hud  largcling 
syslcuis.  According  O)  Arrny  chaff  nrugrHnHjflk’iHls.  sdiaff  on  ihu  gmisfid 
can  !>('  St  h  red  u(:i  by  vehicles  and  am  liius  Imerfere  with  friendly  airhonvcf' 
radar  syslcius.  Ahheugh  the  Army  staled  diis  as  an  area  of  pofentlal 
concern,  we  found  litdc  dcsciimcritallon  of  these  pottuHial  effects.  Ta  he1{5 
allcvcHte  die  prcshlcri!,  the  Army  ts  dovclnpingchaff  that  will  reduce 
JnicriVrcnce  with  frieiKily  forces'  radar  systen^s.  It  liO|.tcs  to  have  this  eftaff 
in  the  hw  t.nuory  by  2Qf)5  0f). 

I'hcA-Cr  Gill  ages  rh.-ifi  tuni  disrnpf  rderlrtna!  pfovver  and  ihirc-^ri  ly  afferr  i'h:Mnr:R'a:i  ef|u^^:imerit 

Sim  Diego  Gas  and  Rlectrir  Conipanv  and  Na\y  officials  Itsve  Idt^ntined 
tv,'u  tnsonices  ir>  which  chaff  causc'd  |,JOwer  uiiiages  In  19^5.  lullie  first 


'1nl.  I.  nstvvt  !i>,.o  Weh  t  CtIi;  oi  ^i»C  ijeufiiftt.*  Oiti'rO  nMir  .jt  (>f-=avyitrr» 

itliiHC,  Vl.il.X.*  I.SivnuHi'tOiCt  Mi  sivfuh  idf.vcetMj*. s,  V;'vt;u.  Sc«:lC. 
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Current  DOD 
Initiatives  and  Related 
Chaff  Management 
Issues 


DOD  IitiLialives  for  Civilian 
Air  Tiitnic  Control 


K-Dm’.-. 


Ctf-c.  rli-cdl  'itsridcntly  nvrr  Snii  Diepp.  CfiUfctroia,,  during?  n  Navy 

exf-rclso  75  tct  21)0  iniles  fron^:  r.lio  cnast  affcctCKl  [iK^wei'  ta  ^15^000 
ciistoniers  aiitl  disruptotl  air  msfVw  cciurrol  The  Navy  irefni'iiiTised  the 
|K)vvc‘r  n)ru|DJiiy  Ijcr vveoii  SftffClOO  and  .ifid-dOD  fur  lUiinfagtc  The  .secuiH:! 
iufideiii  fKaiurn'tl  a  days  later,  tu  Sau  Diegfy  wlien  a  NTivv  let 
iHridvcrrmiiiy  ‘■Tvnvrfecl  |'»r.)v/ns  wlxh  clinffaiv  !ak<:o*T,  cauAitig 
ifUerruptiOD^i  iti  power  service. 

(n  <i(t  effrjri  to  address  ih<::  i.inhtuntrR’d  fTfecfs  af  cliiaff,  !>oruvnfl  tin,' 

Ivave  or^gctnig  InUlatT'os  nT^iTotl  to  air  ti'ttflk'.  ronirot.  cTiviffteX'  uu 
ptifTic  hiiifis,  (T'liiflTTietds  ijsi  wcafliei-,  and  t  luilT.  Mowever.  ilic 

huii^iiive  Uj  tiegra<lnljh;  <  UitlT  b>  iisiH  :Sti[3pc>rii'd  l.tv  an  0|:a*raiLtjnd  tjr 

ef)viromner:tal  riHitilrt-rrieiic  roDorx  ilieneed  tod  eve  loir 

degradfibie  clKiffls  sup|><3r(ed  by  ebvfgahoi)  la  protect  tlie  envlroninrot 
and  jis  iiCnsitivUv  iu  correerns  exjiiyysod  by  sonic*  luernl Kef's  of  liic*  public 
uvcr  rite  trst^  nmi  dej;radal)dily  of  cTialT.  KotwiliiSOiuding  du'so  pcijuns, 
i|tjcsiii3us  ahoiji  ilic  jKiiciirii'ii  atJvorst?  ef  rects  oi\  heahhand  Ou? 

erivlfoncnetu.  coothiue  lo  iKe  tatseil  by  various  pohlk  inieresi  gioti]>s  and 
some  hf-derul  and  stale  on]icbl.sT‘  iK>t;'’s  own  saidles^diwxiss  some  of  the 
same  gnosfiijnH.Onr  work  shows  Ilia’'  COi:-  has  not  sy.stenial  Riallv  hdlowod 
up  on  the  r|ut^si  Ions  beiitg  nuserl  io  drdenriine  whetlier  diw  nierh  any 
fuiiht'i  actioa.  Also.  t>nr»  coi^timics  to  retain  (eaiThased  oliafT  iii  .hs 
iuvert’oi  v- evcji  ihouph  ti  is  wporrodly  no  longer  being  usetL 


To  address  concerns  timi  diafrimerleres  with  clviliai)  olr  b^alllk  eoutrol 
radar,  faa  aatl  non  ooiujtoiteuis  have  agrees]  in  resuki  ),Ue  tjseof  chaff  ani!:l 
fiijw  nspilre  rniliiary  installations  to  oidaSu  rif'Hrarteo  wiieu  using  clia.ffiri 
IraioiiiH  arid  resting.  IO'j  crmr|M3U('rds  alsci  use  I  raining  chaff,  which  Is 
destgotxl  nor  loiiucrlerc  wiili  i  av  radar  fretiuencles.  fA\  hits  establislied 
procedures  iVir  coordmatiog  all  itco  electrosilc  count eroieasu re  jnissiojis 
and  issues  annual  rlcarance  letters  lo  tnilitary  fa<:::lhf.ies  that  use  chaff, 
auflhiiiig  rcstrictiorts  ili^t  it^cludc  rnntn.>ts  over  whai  khid  nf  <:b;dT  cati  he 
used,  whece  ii  c.»n  lie  used,  ami  the  althudes  iit  which  l\  can  be  releasmf 

The  Air  Force,  the  Navy,  and  die  Anny  have  ciannlinaictl  eleirtronk; 
f'nnnlcnneasirrcs  with  Taa  luuier  a  anill  isentrr*  in'. In  at  Ian  lliat  %vas  firsl 
issued  in.  H-HTI,  j^a'cord.ing  la  DD1>  officials.  a:ii  hurrirn  draft  section  3212.02 

•i'iiMfi'  Un  fi  r  ^iii  11.^  i’  ini  M’.'i.-’V  A(  luh  iCtl' ?iiiy  Mre-yiii- tn*  (!w  W’-'f  !lii 

’kV  iliVi'm-'.isS**!  li'lv,  .tfifi  n».-  Sis^n.i  C.ifih  i.ils  MirOrt*'  rtV’ 

l.ii  p  i.t  IJulr  n!  '■.‘I  !  iS'iil  .eiJ  i  r-U  "iiil  VVi’dli)'-  St'n'h  v*.  stlii  ;.!.ls 

y  rie  {li:!'-.)'  f  1  -I-.- Ui.ico!  ruiViiijJtstii'rs'-sl  iVfj'lt'i'Muts 


r<ip'  I  ^  aAlVNSiAbt^fi tJ  U1  Ch<*ff  hsuC!. 
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DOD  Initiatives  for  Chaff 
Use  on  Public  Lajicls 


DOD  IniliaUves  for  Ctiaff 
Eilbcts  on  Weather' 


ol  the  Chaimimi  of  dm  joiiK  Chh'f?^  of  Staff  inamial  rephiced  iJk> 
inuhismdee  ins-rruclian  in  October  101)7  t^nd  h  expected  to  be  Itnali^ed  ir) 
0<'^ober  In  ronimemlng  <m  a  draft  csfUii^  report,  DOa  *sohl  It  fn^s 
vnliJHlHrily  trstnried  rhalToM'  over  coriCTnix  JdjOMr  pi  italic  ’ 

Iiittlaihes  bidwe^'O  DdD  and  Deparlrneni  of  liierlor  t^gi'ncics  are  helping  lo 
kieritif)  and  niiiunihe  tlie  eiTeri^  of  rhaffon  pitbliv  lacids.  The  Fisfi  and 
Wikllifi’  Setvu'e  (nvn)  hikI  the  Biireao  of  Land  Mctnaey'roeor  (biai)  h^ve 
sl|pK'd  a^;rf!crnr'nt?j  \v1di  Ir^iilvirfnal  uiiliiary  semct'^;  to  ronirol  nhaff  use 
Ky\<  r  wllillire  rerugos.  Nativt';?  '\rt ha  jeans'  n^servadoro.,  anti  i>uhlif  lanihi 
near  niiJiiafv  lrnhih)ggr<a.itKls,  Exainple?^  huTade  ngreeinents  signed 
Nevr'engj(*r  2 1 ,  lBh4,  fbt  ihr  CalHsca  Prieias  NTnkjnoi  Whdlife  Rtd'ugc*  near 
Litke  i\k  l^orct'  Base.  Aiimno;  sigfH^d  December  i!ki7,  lor  the  Desert 
Nailonal  Wildlih^  Rchigenear  ^vdii^  Air  Force  Base,  Nevada:  and  slgt^ed 
jane  1  h  111%.  for  die  puidh'  hmds  mstr  Monrin-nn  fk^nie  Air  Force  Basis 
Idaho.  Many  intliOirv  insr:-illa!i<jris  Iimn'i’  local  procedures  to  rostrirl  the  use 
of  (  halT  lU'HC  orivii'(iriir!i,  Miallv  sensiiivr'  ajoastir  popubiitni  cenit'ss.  hi 
lh97.  BtM  set  iifHi  conirniiiee  composed  of  repfescMitatives  fi'oin  die 
rnliiuny  services  and  civilian  agencies  to  explorcv  arnong  other  Issues, 
osmblishini^  a  policy  on  flnopping  rhafl'  over  lauds,  where  \i  may  be 

considered  litter,  The  Kavy  ii  lias  cuitercd  inio  three  linihetl 
agoHuncnts  to  resu  k  c  ehalf  use  lo  cr  wlfdlib:*  s'croges  and  j>r,i:blk  lands 
bee  nuse  of  caiicetn  ovof  possitfle  unpacts  on  serisJtivi'  species. 


ix>fj  and  components  of  ?vOAs^  hav'e  recenrJy  begun  lo  identify  mid  address 
concerns  dial  r  juiff  imeiferes  vviili  vveadier  radar  data  and  i'ut‘eca>vi1ng 
Ihr-se  lailhinve.s  have  been  j?irletji  by  Ihe  placenient  of  new  weather  radar 
innnitors  ar  inajoi'  nuhlary  w<;a}lic:rsiations7^  IW*  (VeipK'in;)’ 
managers  must  now  alert  range  oj:»era!iotB  offidals  toliah  Idgli  ahUude 
ctialTdnops  vvlihln  a  specined  disomtt?  treen  the  Kemterlv  Space  Center 
prior  1»:j  scht?<lLik'4l  .Hp;K*<'  si  cuttle  iaunc:hes..  Since?  February  .1  OfiH.  ilw  Navy 
and  XiVS  have  iieen  rnridiiciing  rcordinated  chaff  drops  lo  alhnv  >sXVS  radar 
in  mcord  known  quantnies.  areas,  aii<I  liiues  of  cksatTuse.  Tliey  atttliipate 
a  pieliiMinniy  ivpan  hy  Se|:(rejnber  1998. 


NOVA  offk  kds  siiggp.sleil  additiored  recnrnrneorhtrirms  to  address  rbaffs 
ciTfcts  on  il'iC  weather,  jncluditig  improving  ?oys  aixl  DDU  liaison  and 
l(ii.etacdoic  having  cod  alert  vws  of  planner!  mmsual  clinITustc  amI  having 


dsi  ri  f  f.op  1  Hi',’;'  i'licu  I'C!!:  I>OM  H-ul  l  AA  ?OVS  i,*^  Ui  jsS.ivt'vCji  UK^i!  nl'.*  nni?  Uilf  m-A  ^v<vihrr 
M,s> ’ilOfU  (  s. 
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Niivys  Initiative  for 
Degradable  Chaff 


Ko  Syslenuilic  Follow-Up 
on  Open  Questions 


Ihiniting  chv^^ff  u^e  wfifn  wocJtbrr  1:^  rrpoOt’d  ovrr  or  rir<if 

the  ranges.  KOAAolTkiafs  s(a:e»:l  ihat  rfieir  ('cmiputer  |>rf>granis  couid  l:»e 
rnotfiiuxl  to  address  r  half  e  her?  son  current  forecast  I  ng  antf  (kt.a  archiving 
syslems  hnr  said  these  ni(Kiifk:aticajs  wonid  hecovdy. 


Ilie  Navy  Is  developing  a  iiew  type  of  chalT  that  will  break  uj)  {jiikkly 
111  the  esivirorinienl.  It  says  ilie  new  chaflos  needed  to  alleviate  puh lie 
cancerps  about  the  l^ealtli  and  cnvIronitK^ntal  elf  rods  ofcliafr.  purtfaiiarly 
the  perceived  Ihreac  that  chaff  can  be  inliHled  blnwever.  ixt^has  not 
d(-njcfvnratei1 1'lOsV  sr  will  address  p'.jhiie  cofieeif'S,  dJie  new  chafTis 
also  more  expC’jiSivic 

Some  Naxyprogratvi  officials  told  us  there  Is  no  operaliomil  or 
einiroinnectal  retjttirenieiM  to  develop  a  iie\v  lypic  of  cliaff  and  that  the 
Navy  believes  the  c  haff  currently  k)  tisr*  ss  .irjI  liarmful  to  the  envjrontnenl 
or  a  duvvHi  us  ht-ah h  nr  [:<ublic  safely.  I  lowc'ver.  lliry  acknrjvvleiiged  thai 
i'ihiTgSass  chaff  [jcrsisis  i:i^  tl>4!  envli  cnuncul  ai::il  fbai  some  ntenifHiJs  ordn' 
publk-  perceive  t]mfT.as  envlroritiienially  itarf^fol  oi  iUKleslrabie.  Thty  are 
taking  iicrloii  to  develop  a  new  degfa(la]:)le  chalt  Stiyjjig  they  thus  ho|K'  lo 
liparl  rdf  riny  pr'issiblo  restrirltc'iris  or^  chaff  nsf'  that  may  result  in 
reductions  in  inditary  iTainhrg  tX)D  officials  sto?sset:l  j|s  olsligahon  to 
protec  t  tlie  envirooineut.  and  imtvs  senshlviiy  tc^  concerns  ex|,n'^ssed  l>y 
soniie  juoinl:i'rs  of  the  public,  h  noted  Ihni  Ilie  effari  includos  die 
(U*vclo»>tyicrn  ortnivircnunenially  degradable'  to  replace  plasiu:  pk^ecs 
pi'csondy  used  in  systtnes  tinu.  disjxmse  chaff 

IJniike  hheiglass  rlinfr.  die  ncw  ebaffs  base  material  and  its  iilnminurn 
riuHlinpranlakt*  a  few  wei.dvs  to  a  few  inonihs  to  break  up.  de|.:cr]dinj;  on 
conditiuns.  DevfOcpnicn"  id  ih^n  tanv  chafi  l)F.gan  in  Sepfnniher  Ifili^f  and 
tolnj  develDpntcni  costs  are  estimated  at  abiout  $3.i]  nallion.  Navy  ofncials 
ant](:l|jia!e  the  uewcludtwUI  IxMHaibtblo  bt*giriJili::ig  In  llseal  year  2001  arid 
export  to  buy  ntdy  degr^ridalrk^  eliaff  hi  the  fjitiirr.  Thev  plan  to  buy  ah<,>!.it 
dVhdOO  bnriflk'.s  a  year  Ihrough  fiscal  year  2W3,  A  Navy  program  oflkial 
estiinatctl  tfiat  a  bundle  of  the  new  chaff  will  cast  abend  »I0  f^crceitt  more 
fbian  it  flot’scurrentlv. 


Studies  by  ix'tn  end  others,  hicladingsonic  carried  out:  years  ago.  cnm:ii::ii,ie 

lu  rtcate  i|urstiurss  In  thr  pubhe's  rnifid  ahcHJt  the  iie-ahl:i  and 

era  irdr:inrr:,la1  cTh^vs  of  diafr.  Deparuoeni  reronls  iiuiicatr  that  1XT>hi%s 
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not  fsys'criiintirnlly  fnilovvo*:!  up  on  thvrK\  r^iporls  to  rfctrrnurir  tho 
an)'  outsiandiiig  questioii  or  liie  costs  atui  iM^neflts  of  addressing  tlrniii 

Wlith:  JKMir  of  Ike  skidies  vvn  roviowcci  di’siroriSiraU'd  sigrtlfirunt 
(^fjnrriiionnl  or  eovinmnisudMl  offVns  of  idiaff.  1}  of  stio  i  i:fj>oris  riled  pps 

in  lid^^rrnatiori  on  pnionlial  vtii^cu.  Six  ofd'ic  nine  rondo  no 
reconHUonda lions  but  deed  missing  data,  suggested  additional  suidles  or 
lono  lornt  rriouiioiir^g,  oi  eiiecl  jM.^ssible  lung  terni  dironk';  effects,  I  hree 
rrfKtrts  rf/cc.uuoituKjled  addiriooal  studies  coverirsg rliaff  toxicity,  lo.ng~tcn.ri 
ex[K>si.E(T,  weal  fa- ring,  or  oilier  Mu  ?|y  areas.  Henve-ver.  l>nD  tias  not: 
re\’ievs<f!  the  fcrooiiticin'kitions  cr*<l  informutiocrgaps  citefl  in  the  reports 
hi  rt  corLiprel'iensive  aiul  sysienusti!:  v.ny  n>  assess  llteh  rucrils  for  fonhet 
actions.  For  exarnphe  (  hf?  Ar  niy’s  jaouiai  y  UHii  iepi?rl  eih.'S  tiata.  gaps  and 
recDutmentfs  []mi  t  he  long  term  r!sk<^iK!  chronic  exposure  of  Inlta led 
films  be  eVfjhtaletl.,  SpedJlcally,  it  recoil tnieiids 

hjture  jesinirdi  on  the  rcsnspensinri  rains  of  encuaiod  and  coaled  hhers; 
sUidles  li)  icsUlblisti  du.^  v/ea!.lserlng  rales  fnnl  t:lninilc;al  rate  tirinrtai 
coalings  In  soils.  iVrsli  waiter,  ami  marine  wateis; 
a  ciuoprchciislve  review  of  ilnx^shold  nieial  loxiclly  valneslbrliuiuans. 
animals,  ami  iniportanl  trrwti  wainrand  rnanoe  organisnrs: 
a  series  orexixu'inicnrs  to  cvaluau'  die  poieuilal  bupacts  of  fibers; 
an  exandijatioo  of  tiK*  rvsplfaiirlity  of  bbiDos  paridides  In  avian  species: 
ai|uadc:  and  marine  studies  Co  nstaldisb  ihe  pDk'3d.ial  impacts  of  fibers:  atk',1 
jVilure  iC'seao  li  on  icie  patliology  of  inhaled  filHUS. 


The  second  and  third  of  1  lie  alxnc  recoinrner:iclar.loos  were  partially 
addressed  In  die  ,<\rn!vs  .S<.^puu.rifjer  mpore  Two  other  reports  also 
|.mriia!lv  adilressed  the  iS*:u.'oed  n'roniriHmdadon,^  •  VVe  found  bmitod 
evislenec'  of  IVillnw  np  on  the  oilier  fir  e  reroniinmidadous- 

The  I1)t!7  Ail’  Porce  srndy  ami  its  technical  reports  also  die  tlie  need  for 
data  and  i'u idler  r<;*srmr<:h,  including  long  term  studies.  Two  of  the  three 
terhiiic'Hi  roporrs  reroniniond  foriln'r  rescarrh.  One  sugg.osts  knig'rerrn 
studies  to  rrinniior  cliafracrcnudatlon  on  svater  bodies  In  high  use  areas 
and  ilKO’dfecrs  on  animals  trsiug  iltose  water  liodks.  .Another  siaiiw  ihai: 
consiileration  couUI  he  given  to  morutoring  progi arris  for  fngidy  sensitive 
ern  irnnmetUs  snljjprind  in  n-poaiml  r.liaf'fir' lenses  ami  r^'seduetlnig 
hioassay  tests  to  fuRFier  assess  the  tnxIcriV  of  rltalT  to  aquatic  organisms^ 
Uie  final  report  noted  dial  it;  some  cases  it  trnght  he  appiropt Jaie  to 

.ft  .e'?^j>in  Xr, -I,  i'Vlt^SeuHi^s,  •>rl>'>l *1  iy:iiijri;{  lO. hiik uliA'ron  N*:!.  ft,  i Ai?i%Sis 
ul  Clt.U-' e  VC'ttU  iin..  piltt'f  nO|  Intf*  U,-<  lit'ITAit  I'Kt?:  i' ?<■  j  «>:?>■ 
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analy/jMhr  potf  r^^ial  far  hM|ifU:(r'5  to  hlglily  ricoskivt'  aquatic  habitats  that 
supj5Dn  ihiTatei^ptl  ami  eudangerrii  spc^cles  in  anMs  l^lclerlyl(lga1l^s|>£K:p 
\\1mv  rhall  is  prT)p<)sci:l  fbryse.  Hm  it  does  >i>:,:rt  n^cooimend  arw  jbjknv  up 
work. 

Oj>cu  quasjiorts  shnllur  h>  iliose  In  tln^^sc  nqnnrs  Itsava  iHi^erHutor!  by  pithhc 
Int^ros!  gr<:Hi()s  surh  as  dtosc^  tdenjinecl  earUer.  \n  dlscitssing  tlu:^se 
qucstioits  tri  ktav  art'l  juiK-  ll-HJH.  hDu  tuid  ^i-rvice  oiTirlals  sraterf  ihai 
addiiional  ariloiis  wrrt  ’.varrr^nto:!  im  Itfuns  such  ^5.  follow  ups  ti>  prtndous 
Studies  unri  oluiffs  wtyuhiU'  frlcH^^d  nr(n<::Cs,  Tliesn  ofnc  ialsscski  t.hey  hit 
lor'ciir^g  to  (Ir^vo'oj^  to  addiTSs  rln,'  ns<*  and  cITects  orchaff,  'I'lK'.y 

sah:!  dicso  soalfpjr-s,  witit'h  haviyvci  to  ht*  dolloed.  oonld  kududea 
sysioiuaUt;  FuJIdw  up  of  key  Miiciv  iHidluigs  iintl  tot  ^i^rninondalttjos  aud 
scretudugOinircnniicuiai  assr-ssiiionis  and  inipncl  sraieroents  to  ensure 
consistent  citation,  ofstiidy  results.  'latw  said  efktrts  will  need  to  he 
coonfurated  cuuong  DOD  eotnpouefiis  and  eoukl  Include  iuierhn  conuols 
(tvrr  chniTuM’  in  sct^^silnc'  rnviFTiriUu'nis. 


Uririecded  Lead-Based 
Chaff  Inveruoritss  Are 
Being  Relainod 


Dtirtt'ig  tlie  course  ofotif  woik.  we  noted  dtnt,  sott^e  lend  based  ehaITvvas 
sld!  being  h}»ld  in  Of  il/s  rfliva  invrr^rnri-.  {)!der  pmdurlions  foil  chaff 
contained  lead  hihI  lead  tis  known  to  he  toxic  mul  can  result  In  .a  [nniiberof 
healtl^  pi'obleitis  Asa  icsult.  rK.H5StOjii>e<i  pun'hasiitgihaff  widi  lead,  The 
Air  Injtire  rejKjried  ii  does  not  expect  to  use  any  chalT  ecu iiiaiTiiiig  lead  and 
thC'  19fl7  Ail  [■V>n"<‘  rrj)en  1  stared  dial  it  is  liiehly  unlikely  flint  my  chaff 
ronuilning  lead  A  sol!  In  use,  ikBvever.  we  Icnirid  thal  ihe  Air  Ibrce  sfrli 
does  lurce  chaff  couiainiiig  lead  in  its  Inveiitofv  and  has  no  plans  10 
eb  mi  mite  It, 

We  Vi'cn-'  p?"i\ided  Hrsamiile  of  chaff  con  tain  ine  Ici^d  at  one  of  die  Air 
horre  liases  vvt  visited  duiirip*  our  re^1e\v,  Tlie  sample  wc  obtained  \^'as  of 
ati  aluminum  foil  tvih:*  used  iifrirnarilyby  IS  52s.  in  addkiun.  Air  Eorce 
n’<::i.)rrls  slio'.v  that  it  sti!i  lias  in  its  inveincjry  almost  dO.DOO  bumltes  cjf  chaff 
cnjitaintog  lead,T!irst’  reronis  came  from  Air  l'orce  and  l')ere:nse  Logtsiirs 
Agency  c  entral  Invenioty  -conirDr  points, 


Conciusioiis 


non  ;tn<i  the- senfer^s  fiave  dc*ycicqirsl  rviigoliig Inh  latives  to  iichli'r^ss  rerr-ibi 
concerns  ratserf  hy  the  tBllitary  s  use  of  chaff  These  Inltlaiives  bichide 
phms  lot  inneasi’d  llahon  willi  agencies  sucli  ns  ni  xt,  rws,  attd 
Nirvertludess,  tlic  ptddir:.  ixinshnlies,  <im:l  {.>?hcr  fcdciral  rj.Ty:mcii>s  coiKinue 
to  ratsc (piffsl !t>ns  hIhh:i  Ihe  |3riToini.Hl  Hith/nrsn  eller:is  ot  chaff,  pon  lu-is  rioi^ 
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svfUrnsr^uc'nUy  followed  up  in  drtrrniiiM:  whclher  lhcr>r  qiie5lJ>:nis  irurril 
fiirrher  aclioiL  f'unher,  ll^e  Naw hiis  Initiated  a  flrgratJable  chaff  i^esearrh 
and  f:lc\c1c>j:incni  program  bin  lias,  iioi  yet  cxiiTiploioly  aiialyzinf  Iht* 
oqjerHtionHl  unci  cnvironincnlHl  heru’nt.s  li:  cxpccls  10  achieve.  I.ustly, 
aldunip.fl  load  l.)asf;d  r  haff  lias  not  laxii  pindured  sinc*:^  IdB?  and  is  no 
longer  reporrrsi  u.s-pci.  It  is  still  rolaitu/d  in  ixaD's  invciuory. 


RoCOIll  lTlCndilt  ions  rcromnimul  rliat  tlir^  SiKTOaiy  of  Defense  direct 

•  tlio  Secretary  of  die  Navy  lo  ‘Undv  die  coses  anrl  bpiields  of  die  dcgradal^le 
efialT  piogiiint  bidber*  nutkini;,  a  jMOdnOiurj  procuremnai  derlsifjsi: 

•  iljc  Seert'Oirii’s  of  the  .Ainiy.  lln*  Navy,  <snd  dic‘  Aii-  lo-irce  lo  tie icj'n line,  die 
nierits  Cff  open  cuiesUons  made  in  pi  evlDiis  chaff  fe)>ori,s  aticl  wher.ficr 
addidoiui)  anions  are  needed  to  address  thenr;  and 

•  the  Sccf'etaty  of  da.:  Air  Imre*.^  ttt  preiiai'e  a  Sj-Hrcini:  plan  ro  enstire  that 
chafr  coriOihiinpJead  ul  invi'idory  conord  jjoirds  and  nnliiary  inshdlations 
Is  l<K:ared  ami  rdinfinatetl. 


Agency  Comments 


l?t  wTitnni  enniruenl.s  rni  ?i  draft  of  tliis  rt^p^nri  ,  DODronniircd  v.illi  nnr 
Innlii^gs  and  rerornnretHiadrins.  (Seea|.J|y  IV,)  i>OD^>laled  that  ibe  Navy  is 
ckA<'l<;3plng  Informaiion  ern  tlie  costs  and  henellis  ot'dagcatlaldif?  cfiafrfor 
u.sc  in  a  pi  oc  nsenj(*nt  ileiisien.  li  stated  that  thC'  services  will  as.sess 
vvlivtlux  addiiiOitai  actions  ao'  needed  to  nrldiess  Dpeiujue.siions  IVom 
previous  chad'  repods.  I.CfD  also  s^^ld  that  any  rri'ilning  rfiaff  with  lead 
would  be  elinihiaietf  mil  that  operatloiml  chaff  wonkl  be  clearly  market) 
so  that  it  could  only  1.k‘  used  1.0  inc'Ct  combm  rispurements,  non  alsn 
proviihxl  lechnlcrd  corriinenis  v.tardi  wo  incmriioratod  where  appropriHlrc 


Scope  and 
Methodology' 


1  u  aitdicss  the  extent  and  lacuiinn  of  uoi.^N  clsaff  uses  die  Knowti  and 
poSonti.d  effec  ts  of  chaff  and  Irihialhes  to  mitigate  these  offocts,  wo 
1nn''n'n;vvotl  and  tshtHinml  darnniems  from  ofliclals  at  die  Depart nierii  of 
Uehnise.  the  ml iitarv -services.  coni]Kmenis  of  die  National  Oceanic  m<\ 
AcmDSfilierl::  AdinisilsTratlun  (iiielnditig  rho  C)irieo  ofOcefcriie  and 
Atmospheric  Reseai>::h  and  die  National  Va*ather  Service)- ilie  FedeenJ 
A\'i;idiiii  Adminisiradom  fho  Ruroan  of  1, and  Management .  the  fosfi  acid 
WNdlife  Service,  the  Environmental  PrfHecdo!i  Agency,  die  Defense 
logistics  /\p,eni:y.  and  die  Eedeial  Conimunlcailims  Cuininisskm.  fn 
addition,  w(»  -S|>r;*kc'  with  state  and  tilher  |}ari.iC'S  frum  du‘  slates isf 

Nevada.  l  lDiidu  Okhihrinio.  snd  Ari/ana,  irKif.Kiin|J  \V:itive  Ajnericr4ns== 
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public  nitcrrst  |^n)up.s.  nnH  triuircslcd  rhij^cnf?.  to  dciiuininc  whc-lhci'  they 
liad  concerns  ^lijoiN  chall:  osc  or  were  awarc^  of  any  heallli  or 

e. rnirrn-ineni.al  cllccrs.  Wo  abo  visliod.  cJiall  inanuraciuj'ers 
li'jjre.seniaf ives  10  discuss  iHorJin  tuti!  of  dinff  and  iho  ilevdoiHiHnil  trf 
£lef,rai fable  chaff 

1  o  obtain  bii'ormatioii  on  the  extent  and  localions  otdiafl  ose. 

|K‘i.fot  rneri  wom  K  at  ibw  rollcsvinganllnary  instalbillcuts:  Fallon  Kaval  Ah 
Station  htmI  Nellis  Air  Form  Basre  Nevarla:  F^RlIn  Air'  FQn:o Base.  Floriib: 
and  Inf!'  Air  Force  Base  and  Ymoa  Marine  Corps  Air  SttUi!?iL  Ari/oucc 
llicse  i  list  alia, lions  eondurf  Of'asriillOMS  rising  el'iaff  a;;  part  of  tlKdi' 
eieeuoiiir  couiucrtneasure  iiainuig.  At  dieiic  iucatloits  wo  discussed  liio 
ij.se  j)f  duilt,  diosUidle.s  dial  have  boi’n  perforniedori  rluirf,  mui  public 

f. K*tx'e|)dons  about  tlie  use  and  offecis  of  chaff  from  ndlitary  operations 

Wo  reviewed  onviraninejilal  reporls  atnJ  sx^sCHOirh  studies.,  euvi^umnenbsl 
jin|:»aci  HlahMuenfs  aiul  assossnieuts.  ara!  oihor  redatod  infocrnadorHleaF.ng 
whli  ilie  ederis i.jf  clicdTiO  clofonumo  tlio  euvironmxrata!  olfbcts  ofchalf 
tiiat  Ju'jvo  Ikhmi  tlocunientod.  Our  review  cifrhese  srepai  ts  was  lludted  to  an 
anabsis  ofiheir  letoinnieodations.  Isslics.  and  tpifstlons  tlKW  taisod.  We 
grcu[?cil  thf'se  innsperiruTilly  rolarod  eategarres  to  assess  the  oMeur  to 
vvhirh  POD  aiiions  related  to  thr*  cHt^H^orles.  We  ihd  not  atteii^pt  toanalym 
tliO  coiktent  oreaih  report.  Va,^  rlid  diai:  omjw  of  rhe.se  .sti.rdies  wore 
carfic‘t1  out  a  !iii!nhi!i'  ofyc'ars  ago  atal  tliat  tesoamb  t  c-cortls  were;  no  I 
recjildy  twailalde. 

Weroruiucied  our  revlevv  fKan  Deceaiber  11)07  to  juiv  1.9iiS  in  accocdarice 
wiih  gi'oerally  acr;cp!:e<l  govenuneoi  au<.fii.iug  siarnhu'ds, 

U.itl{*ss  VDU  publicly  Bit noui ICC  its.  corit eats  ein:Uei:.wve  plan  no  lud Iter 
(Hsfributlonof  this  tepoil  until  15  duy%  aftor  Us  ls.siie  date.  At  that  t.ir)u\  wo 

will  3iia:<o  av:‘i!alde  tci  a[3|:!rr>p;iiate  Sonali:;  and  Mouse  ecsrnoiiuei^s: 

tlio  SiMToiaries  of  lYdense,  the  Artrw.  lhe  and  the  Air  Form;  the 
CoinnHindcirit  of  ihr^  Mafine  fiorps:  anrf  die  Dfrcccur.  Defense  logistics 
Agency. 
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PIca'Sf  cxmiM'i  jn-r*  n:i  (2(i2)  512-1*1412  if  vo?j  or  yoiir  ^itaffimvi'!  any 
(|Ui=stlons  tlib  rc-pon.  Major  coniiibuiors  to  repon.  aw 

llsietl  m  a|::j|>eiKl^x  V 

Sinr<:fn’!v. 

rJ. 


Daviti:  K<  Warren,  l.>irf’i‘?or- 
Managf  rrjotit  issues 


r^ip'  iJ? 
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NWS  Iniaro  <>f  Chaff  Pluriirr^  Ovtt SoiKhc'rrt  1(1 

ArC:;i>a  ?:nd  Snuf  Is Now  fdoxecDon  ()>:.M.ibor  I$n7. 


Abbreviations 

t»f  ^  Hiiri>rm  c-f  1  anti  \UniHg4nTH^nt 

iXJi}  Depii  It  nunit  of  Dof  ei  Be 

FAA  Kitlernl  Avlotloii  AdoiinKiratlon 

Itvs  Rsli  and  Wildlife  St^rvirt^' 

HOPA  Natt onal  Ocea  ni c  and  A imospber k:  Ad  rnirmt  radon 

Nat  lot  :ial  Wtv-J.l  to  r  5o  rvice 


X I  OAO/NSt }  ?l  Clitutf 


61 


Environmental  Effects  of  RF  Chaff 


Aj)pr‘ri!:f  X  1 

Types  of  Chaff 


Chaff  l:y|>i? 

Sofvtco 

VVct^ht 

C^TTipCkSition* 

!-'X  = 

A’- 

A ■>.’ 

rikij;:-'' 

;n  rrHi  I'Tj 

•''y,;'- 

A-:-:'- 

Oi  ■<»••• 

i  iiy  ' 

?  if  ip  i'-yVi 

A  ? 

/  Vf 

t  sl'iO " 

,:i  /,60 

16: "  v:-r‘.Ai  iia  ■•!) 

Ai'  rcrcr* 

11.6  0/ 

f'it'sf',' 

b;f  :J 

k>i  -  ’lUx-.:  ijr  r  li 

/v’'  rprcr: 

(i  ':i  0? 

Td: 

Xu  ,?jF  { 

R":  -'Iv-’Ai  iiiV{ 

A:-  Fku-.- 

6  H  ;  v’ 

1.610 

'"1',a‘\=a..  6-‘’  .j-'i 

A^’ 

N-IA"  A' 

RR 

A;^  ‘CiRi? 

Unk-oV''' 

f’'c6 

BT.aOD 

Ri'< 

A? 

■Jch" 

i  rl:>C  ' 

.6"0  :i6j 

f}^  6;^} 

Ar'  icta* 

!  \Vj\:' 

X^h  ‘'bi' 

RR  R'-.cpsj  •'  .rr- 

R'tvv' 

6  *  r./ 

(i-  -  ,nMi 

6  ii'l 

\'ibe" 

..  l-.ii.iii  :V'.: 

RR  ;  {Rili: 

N>;tVy 

6’  ;'5:<|nr. 

rnw 

Hi-'  "■  r-.‘:/<  ' 

M.iv,’ 

^i'i 

( tue;' 

P.'l  "r'/A;  (A  'iiR'f* 

R.iv/ 

f  IfO'- 

rnyy 

cUvy  jib?r- 

('•:  <  •  ’  .= A\ .  (/.  s.vv  rr?::  ;< ; } 

H.'.J 

1  fbr' 

NR  'r-J.Ai  prr.v.j!  :  ■•!■. 

R.ivv 

}  i  :/X 

ONh 

'  'UhrAty.K 

RR  ar?-AtHj! 

N;A>vy 

1  ^ 

Til*!.'' 

Mlv'ri?  nr<i  '» 

. leib.? . 

Fib^r 

'  ^  AMi 

R^K  '  N/  r  K  .i  / 

■M  iO- 

i  rbf  - 

4  I'OO 

iv'4’: 

6.1  ..nAi 

libto' 

. . 

0:1  ir-s 

iRt-  ;:a 

?4  1  R^ 

K/-  "I 

A'rr'v 

j  k 

i-  M:>e- 

CiA'i 

i  fCisrv  i'i' 

‘Ar  •{>  s;;’  M>.V  P.,  ^  ;(>>:!  A;!’iV  r:  ';i 


I  !'"!<■,!  Iki  s  pr-fO? , 


tl  aiti  Ounn  Ikisukf-^ 


68 


Environmental  Effects  of  RF  Chaff 


Appf'iKhx  11  .  . 

Services’  Use  of  Chaff  During  Fiscal  Years 
1991-97 


Tablij  If1;  Air  Fotrcc  Chaff  Used  During  FisC-al  Years  199 VB7  {bMndlesJ 


RscttI  year 

ChMf 

1991 

1992 

1993 

1991 

1995 

1996 

199T 

\y-<  "  .f;/»  A 

i.oHa^(X{ 

ni?  1 

■;  .•Js  f  ri, 

H.j  4  } 

Cl 

5:*:) 

U 

D 

0 

1  SC/ 

0 

toil 

i/ou 

i  rib.  1^51 

t'u:; 

Uh  ■  !/rAu‘^«  •* 

{<  ^  v-r;  Al 

(:> 

0 

n 

u 

r> 

0 

\<\  ‘A.-a: 

0 

0 

0 

D 

D 

0 
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II 

S^-rvk  f'liJiff  Dnirin^  Vr^;iar«i 

!JMn*V7 


Tait>'*e  11,3;  Navy  CKrff  Used  Dwffng  Fiscal  Yaars  1991-97  (feundfes^) 

Fiscal  y^jar 

ChaiftypjJ  1991  1992  1993 

f/K 'H;-' Kir.'l 1 

tv  K  ■■  I i y  Kir:,'i  >  ■  >;>  ^  I , 1 1  j  3'  3  ■>  1  1  <’ 

rv^K-^H  }2^  1.70-1  -33y  1.937 

MK?]u  4BS  ^:.n^  57-1  1  1.71^  1.B;r6 


Tah^ro  ll.^l;  Army  Chaff  Used  During  Fiscal  Years  1991-97  (bundles) 


Fiscal  year 

Oh^siitype  1991  1992  1993  1994  1995  1995  1997 

?/  l  r)  :t  1,  1  pyi  I  l;j  170 


. """77""" " 

iaQ%  ii.:];  cnan  use  Heporteci  at 
Milhary  Installations  Revievjed 
(bnndlRi;;) 

In4jlallat!br> 

Chalf  type 

Fiscal  year 

1S95 

19% 
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f’vrlli'.-  A-  r  o 

m  \  A) 
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Uir  rcpDflfi  wf!  rcviev/C'd  nn  riinlT  rc^‘^«l^ch  wrrc:  Lssiicrl  bctu-t'cii  .llh>2  ssisd 
VML  As  ^himn  below,  all  \m  ofKMvere  spon^>orefi  by  dod  coinparieiits. 

Euvircnnrjental  ElTerL^v  of  S-idf  Pr<)UH‘UOii  C’f  saff  nrid  Flrire?^.  ILS.  Air  Ferret' 
Cniiiui:-uHl  {A'iig.  I!)'}?”}.* 

Aqienif  Toxkdiy  and  lA^U'  ol'lnni  mui  AliiUiilJiuin  Coau'cl  Class  Fibers. 
iJ.^.  Ai  w  Chenhcal  Keseaidi.  i:>evekj|HiiciH.  aiici  ikiglnee^firiACemter 
(Svp\^mm/ 

Frwiiotnnenial  and  IJi’alch  ldlF<‘ts  Ri'sit'vv-  lorUbseurani  Hibeirsd-ilam<'r>CS; 
piTjKJred  hy  the  Norhnvesi  Faljoi aioj-y  tor  the  IJ.S,  Areny  Ciunnienl 

Ri:seHir]i.  DevelupnierH.  edKi  Kiiiihieeiiiig  D.:!2iti’i  CThil 

I'jtvhntt mental  FdTerts  of  Ak  Narjoual  Guard  CFtaff  Trauiliig  Acuviikes.. 
in  epurecl  b\  Science  and  Engit^^ca  ing  AssCKliees,  lne\.  for  the  Nahorial 
(hianl  Buricm  {Dc'te  F99lTh 

kloiKifying  and  Evahmting  ilse  Etfeds  of  Dispensing  Ciuidl^rot^i  KhlUary 
Aircrah..  prepared  by  Sriemee  and  Englneerlui:;  Assor^hdes,  Im::,.  for  the  Air 
Fcirre  Strategii:  Air  Cturunand  (rX'r.  5e 

In  n  i ro 1 1  n  iv  i ii  a!  1: Her  t  s  of  C.l^nfE  V  .S<  A.1 1;  For ce  Oce  n  pa t  km  sal  and 
l:a]viron]tM:riiai  llealdt  j.al)ai‘atory  (Dec:.  ItJTiji). 

EHerts  of  Alinteoked  lAberglass  on  RepreserdathMyCEesapeake  Bay 
Marine  Organisms,  prepared  by  %stenB  Consultams.  Inc,.  U>r  die  U  S, 
Naval  Rescardi  1  abrn'ainty  (Nov.  23.  1977),'* 

The  lnf»esdr>n  rif  I  ibrn-ghtss  (TiaB  tvy  (TsHke  jifeparcil  i>y  tlic  ClnirUla 
Departi^iem  of  Agriciilturt'  for  ilie  Dhedcu'  of  Idectronle  Warlare, 
Canadian  I'urees  Headquarters  (Mar.  8.  1972)  , 

ChafE  Wright  Air  D<  vekiprnfut  Outer  (M^y  1915) 


nii>.'^=!svc'i'  i>x  isn*'  iii  ,.iji  Uvr' <  »*>  uf  i  if,a~  Api  ii  ie>i.  rr-toiti':’  iirn,  ;<n!^ 

iron  ir;:r  tiss  lift !:.<,■•  inrhisdirij-j  f v.r>7«-'!<%iis/a.'ii  !rrh,ilr.^ni'}>;5i'K  ;jean*s'^ 

ot  erve.  v'te;  f;  *n>  an  I  !!*<  ■.!  ?  i  s  M!  y 

HVi'  itl-sn  14’vii  fIx'Ai-iiv  H','j:<.i?i..  .‘\ij'!..Msr  iM.viciiv  I  ;?!:>.■■■  t.tl  .NI:'K».‘C'0»v;.a».'>:l\a:ipl'ift'  WKI> 

e-rKi;!  aTiv!f;>  m  hnii  i^n  I  if:*.'.;*-  i.;.S-  /irsrry  s;,.j)r-TH:«  id  itfiO 

/uii’iu y  (luh  e>i.Vi,  !i:juily  iii;  ii:, fr.iii'H  i.ilSiT  nf.-i,ll 

rhii?!  <)  Uii'  itj:v 

^Syi^'Ilr’^C<snv;ri;j|Vl^.  I"')!.  ,  Ue  »<!}  iiiiKi’s!  hv  f  iO;*  SjsS,  1  O! 

fine  r^- 1. or  M.-  J  vl-n  <1, 


CAtVNSIAO-'^S'  2.10  CM\t  Issuer 
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in 

TiAO  Ri'VunvitH}  nn  Hrss^arrh 


Toxi€li\'  at  Chad'  re*  Livrstoc.lv.  U.  S.  Air  l-nfcc  Ar)rr}nicdic.i.tK:  labornlorv 

(1952),' 
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ApptM^dix  IV 

Comments  From  the  Department  of  Defense 


OFFICE  or  TH^  ufsJDCN  SECffEI  Of'  OD 

3CCO  C^ErCHtaC  t^fStACOM 

Iiup.m 

Mi ,  tX»‘4v<K.  WVnvJs 

NatbnsJ:  ^jccuritv  and  Ink-TrsaHicr^,!!  AOuirs  Divixo?! 

Vk-ir  Mr, 

Hjis;:;'*  the  Dirviin.aii^ntofl'iyrl'hnsx;  iDriD  i  re.'jpiHfst*  hJ  fknrrfil 
OiUce  lOAOl  'trv-fi  ‘’V,\'V1  HOWrNTAt.  l‘nmi-<;’naK^  IXd:)  Msr;ieeiricr^i 
t.oeiial'f"da-:d  Asiiniit  6.,  (GaO  rasi: 

In  ?!»!?  Dell  wjihHuh  .}»£  fjefjar&l  ruujmt!?; !Jri;i  the  spt^r.ife 

b’l  she;  fej^rirt.  We  prev't-r«f,s:ly  prr‘viHi:<cJ  wthnhal  carrecJie^is.  niul 
other  F.ispsF.td  tf<  Ihf  lirnll  rnK»n,  (tx-  fjAi> 

€«.r7e»rni.% 

I  !jin  r  sa  fi  >?iriiJii;»:y  of  fhe  lla J-a  ?,» ‘  mvjiaiiietHtiiii  v-  fsh  ivd' 

{es>'CS‘rii 

hsiAi:  aay  qjK'r.rhms,  i.'ji'dM’i  ^lr.  Peiaf  Dai.v  ai  f/UAtVrM 


rneb-jerr: 

A* 


i  lnil>'  5 


y./. 


// 


/ 

/  StiWri  W.  Om5drr;in 

OetK-y  JyCSiAetMry  o-l 


jh\v  \'ininfm‘Mtiii  S\‘i  uwf  t 


0 


t)ur  Future 


V^p-t7 


G.W.'NSt.VO  iW  aio  Chan'Mji«4j|C:0»Rt 
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Ai(>p<*ri»hji  IV 

Cfwjjrfirntlv  iM  ««i  ihr  nf 


f^AO  OHAFT  KrPORT  -T>AtFI)  l  6,  im 

(GAO  ror>F  ?o*ii«T,nsn€ASi:  tm 

I'ROTrCTlOX;  DOR  Ummmnt  KviU'v.  ChMir* 


Ri:COM>It:NRATiONS 

I :  i'hs;  iftAO  Jhii  Skiis=K;r^'>  ».>{  f5vfe  (Sii<]ju%s 

Rh‘ y  Ns^^-'y  hi  ilk  co-'!5^^.rvjl  t'l  0i<?  dcjjt  adiiblc  vScii 

bt'Fuv  -ri  frw«?n'rrfH’r‘!  ;l;;;;i?.i:jn 

pop  RFSPONNKv  ^  \i)vy  s  M  A-  P  pj  >jin  h  hi  |>  r«) 

supi-Kifilltc  itxmh:'  *k'^;j:jd(fbbi'hi^lfK'i«ky 

crjfh^rfchi;'  oTf  a  prv.<up;!r>rja  dcc^¥;:«yi.  T'rjc  Navy  '<v:5l!  fiirit'i  iclj;  w  iiinfrts^ry  :.ff  ti^^-c>;.«is 
anJ  bcitcliif  oi'di'^riKlyblc  cbiflsXfCC  iis  ;c!:«ird',  OTr)pli?:i\l. 

HF<.'O.MMiL:M)A*!'IO,N  2:  ‘IIh'  6A0  axiummcadt^tl  tiiuL  Jiic  Scirclufy  wi'Dd]:rJSi;dL'cct 
tlif  S:ctctaries  cJ  iirtc  .Aniiy,  ±«r  Xac'v,  iirJ  Ux*  Aiifaki:  tocltMcrniiiie  tl>e  rsxriiis  of  ;*p«D 
i?5;  ptijvsiv  (S  rhaif;' K|Xir(;>  hh^  fo 

iK)r[..HK>Xi!Olv^F;  r>MXiiT  DiSi  J  wili  diar  ilii^  Amv,  X.jvy.  iind  Air  IAiu  j"!?; 

!<liatr.ty  ^r^v'»c-5ii:4u»rTryr^:5rt.5  md  frnviiis  mi 

Uiluit/yna,!  j^cdoju  arv:  !o  tludii. 

R K i  OM M r Nd>A Tf QX  P,  Ilxi  <' AO  rei^omn^-ndiiil  rAa!  chi*-  Sjs-irrj^tjiry  id'  dirpi^i 

)bo  R;cfvniry  (sf  iiu*  Air  For<v  U»  {ikpaK-  Hi  Sjkcsho  pljh  !»'  cKiiff  Ssralainhyg 

lead  ;i!  iJAUiiory  r<a?.do!  (Varfi*'  iidhi^i  v  ;;!:a;j(!!ii'>tri»  ic;ui:<!  iuul ’rdiifbj.ikxt 

fV«rx'ii.T  l  iit  Ai('  I-Hi-I-  V*-  '-i  idiiiaUy  dH  xejTiiSiMliij? 

Ift  i$ivcrfx>iy .  All  iryiiuiifi  ebafl  k;  ji  lx  Oirjurt-ijt?:o:!.  A!  I  c-aiMbui  ci^J3  vxJl  to 
{5:i?»rV;d  r*H>i  «niy 'hi'  nu>'f  rt'<iiii.k'!vc»l-: 


Afincfkintal  (!» 

GAO  limit  OSD  fads^.  Ifdd. 

Fagf  I  I 


zh 
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For  infornmtion  on  how  to  access  GAO  reports  on  the  INTERNET, 
send  an  e  nuiil  message  witli  TidV  in  the  body  to: 

info<&”^www.gao.gov 
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Appendix  D 


Examples  of  RF  Chaff  Bundles 


Training  and  operation  RF  chaff  rounds  used  by  the  USAF.  RR-188  (top)  and  RR-180  (bottom). 
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